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PREFACE   TO   THE   SECOND   VOLUME. 


BssiBEs  the  geotlemen  named  io  the  preface  to  the  first  vol- 
ume, I  have  been  assisted  in  the  revision  of  the  second,  (since 
the  article  antimony,)  by  Mr.  George  Chiltpn,  of  New  York,  and 
by  Mr.  A.  A.  Hayes,  of  the  Roxbury  laboratory,  near  Boston; 
Prof.  Tully,  of  the  Medical  Institution  of  Yale  College,  has  also  read 
the  proofs,  since  the  commencement  of  the  Vegetable  Chemistry,  and 
to  him  I  owe,  particularly,  the  correction  of  various  errors  in  the  bot- 
anical and  medical  references.  Most  of  the  gentlemen  named  in  the 
first  volume,  have  also  kindly  persevered  through  a  labor,  for  which 
my  public  thanks  are  but  a  poor  return ;  should  the  work  prove  of  any 
considerable  utility,  it  will  have  been  seriously  increased  by  their  val- 
uable suggestions.  As  my  engagements  required  that  the  second  vol- 
ume should  be  finished  for  the  winter  classes  of  the  present  year,  in 
this  Institution,  and  as  my  public  duties  rendered  the  seasonable  ful- 
fihnent  of  my  promise  difficult,  I  invited  Mr.C.  U.  Shepard,  Assistant 
in  the  Chemical  Department,  to  aid  me  in  some  of  the  concluding  topics. 
It  will  be  observed,  in  the  proper  place,  that  the  articles  on  the  Analysis 
of  Minerals  and  Mineral  Waters  were  written  by  him ;  I  am  also  in- 
debted to  him  for  die  selection  of  many  of  the  articles  in  the  Addenda, 
and  for  collecting  and  digesting  most  of  the  facts  on  Electro-Mag- 
netism. 

The  disproportion  in  size  between  the  volumes,  was  occasioned 
by  the  pressure  under  which  I  was  laid,  to  finish  die  first  by  mid- 
winter of  last  year ;  it  was  my  intention,  otherwise,  to  have  included 
in  the  first  volume  every  thing  befor^  the  Metals,  which  would  have 
rendered  the  volumes  nearly  equal.  It  was  also  my  wish  that  the 
entire  work  should  have  been  comprised  within  a  smaller  compass : 
I  can  only  say  that  the  subject  is  vast,  and  that  I  have  uniformly 
studied  condensation,  while  it  has  been  my  intention,  (perhaps  imper- 
fectly fiilfilled,)  to  omit  no  very  important  facts. 

Tlie  errata,  hitherto  observed  in  this  volume,  are  noted  at  the  end, 
as  well  as  the  additional  ones  that  were  deemed  of  any  importance 
in  the  first  volume,  and  which  the  use  of  that  volume  during  two 


IV  PREFACE. 

seasons,  as  a  class  book,  has  enabled  me  and  my  pupils  and  friends, 
to  discover.  I  shall  feel  obliged  by  a  frank  conununication  of  any  ad- 
ditional errata  or  omissions,  particularly  in  relation  to  American  sci- 
ence. It  is  very  possible  that  there  are  meritorious  claims,  of  which 
I  am  ignorant,  or  that  have  escaped  my  recollection ;  if  so  it  will  give 
me  pleasure,  should  it  be  ever  in  my  power,  to  make  the  proper 
amends. 

In  the  addenda,  some  notices  will  be  found  of  a  few  additional  facts, 
connected  more  particularly,  with  the  early  part  of  the  work ;  they 
have  either  been  discovered,  or  come  to  my  knowledge,  since  that 
part  was  written,  or  were  overlooked  by  me  at  the  proper  time. 

It  will  be  observed  by  the  reader,  that  the  portions  of  the  text 
in  capitals  and  italics,  form  in  general,  such  a  connected  series 
of  principal  heads,  and  leading  facts  and  deductions,  that  they  may, 
for  the  greater  part,  without  breaking  the  sense,  be  read  through  in 
connexion,  with  the  omission  of  the  portions  in  small  roman ;  and  thus 
a  smaller  book  is  comprised  within  a  larger. 

«  #  #  «  «  #  « 

I  was  not  aware,  untQ  this  work  was  nearly  finished,  that  the  Lemons 
of  Gay-Lussac  were  published  without  his  authority;  I  have  quoted 
them  occasionally,  and  I  suppose  from  the  general  tenor  of  his  me- 
moirs, and  from  a  comparison  with  other  authorities,  that  I  have  not 
fallen,  in  consequence,  into  any  error,  especially  as  the  Lemons,  al- 
though not  authorized  by  Gay-Lussac,  were  revised  by  one  of  his 
friends.  Whether  those  of  Prof.  Laugier,  which  I  have  also  quoted, 
were  published  by  his  own  authority,  I  am  not  informed  .- 

Yale  College,  Feb.  1, 18S1. 
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ERRATA — VOL.  I. 


Pace  09,  («.)  after  alcohol,  insert  §  (being  a  reference  to  a  note.)— p.  90,  1.  6  (r. 
top,  for  179.2,  read  119.2.^p.  124, 1. 14  fr.  bot  for  1.2340,  read  12.840 ;  1. 11  fr.  bot. 
for  8.35,  read  1 .35. — p.  167,  (yy.)  1. 4,  under  oxygen  in  1. 8,  read  hydrogen. — p.  185, 
1.  11  fr.  bot.  dele  the  final  8.— p.  233, 1. 11  of  the  cable,  in  the  column  of  units,  for  9. 
read  O.^p.  307,  1.  17  fr.  top,  for  proportion^  read  combination, — ^p.  819,  dele  laat 
sentence  of  2d  paragraph,  it  being  repeated  on  top  of  p.  821.— p.  322,  6  (a.)  1.  2  of 
the  paramph,  after  hat,  read  except  the  tartaric.  (Tamer.) — p.  382,  {i.)  dele  cor- 
bonate  cf. — d.  883,  1.  19  fr.  top,  for  ammonia,  read  pota8$a,'~p.  843,  (p.)  after  ti- 
tanium, read  tiramiim.~p.  846,  (e.)  for  which,  read  whose  oxygen.^p.  858,  (8)  af- 
ter cobalt,  read  titanium,  molybdenum;  (b)  1. 2  of  par.  before  nydroeen,  dele  (he, — 
p.  376,  l(e.}  1.  5  of  par.  for  aikaU,  read  acid;  2(e.)  1.  2  of  par.  for  ooth  adds  are, 
read  ihe  aetd  is.— p.  414,  note,  1. 16  fr.  bot  before  oO,  read  at.— 1>.  417, 1. 14  fr.  top, 
for  11,  read  4.— p.  426, 1. 10  fr.  top,  for  photfhorie,  read  phosphorom,—^.  518^  1.  4 
fr.  top,  for  with  fluoric  acid,  read  wUh  alumina  and  silica. 

VOL.  IL 

Page  42, 1. 10  fr.  bot.  for  impossible,  read  possible;  1.  9  fr.  bot.  for  for,  read  but, — 
p.  45, 1. 8  fr.  bot.  after  metal,  read  or  an  oxuU  of  a  metal;  1. 4  fr.  bot  after  or,  read 
sometimes. — ^p.  102, 1. 15  fr.  top,  for  23,  read  21.5;  1.  22  fr.  top,  for  specific  gramty, 
read  quantity  of  matter. — p.  164, 1. 16  fr.  top,  for  oxide,  read  cupreous  or  calcareous 
phosphate, — ^p.  890, 1. 15  fr.  top,  transpose  Mag.  grs.  and  JVon.  mag. — ^p.  401, 1.  6 
fr.  bot  for  jicarois  resinifera,  read  Xanthorrhaa  Hostile, — p.  455, 1.  15  fr.  top,  (in 
part  of  the  edition  J  for  acid,  read  oxide. — ^p.  475, 1. 19  fr.  top,  for  tartaric,  read  ci- 
tric.—p.  503, 1.  5  fr.  bot.  after  the  parenthesis,  read  t^er  2  hours,  add  sufficient 
VMster  to  cover  th&mass.—p.  519,  1.  2  of  par.  (j.)  after  gas,  read  except  that  some 
acetic  acid  is  formed,  whm  it  bums  very  slowly  and  unth  a  »maU  flame.— -p,  621, 
1.  6  fr.  bot  for  mastodon,  read  elephant.—^.  625,  (d.)  for  *<  metals  are  positive  with 
respect  to  acids,"  read  when  acids  and  metals  act  chemically  on  each  other,  their 
electricity  is  the  reverse  of  that  produced  by  contact,— p.  629, 1.  1  fr.  top,  for  chem- 
ical, read  heating;  1.  9  fr.  top,  for  metals,  read  powders.-^.  680, 1.  8  fr.  bot.  for 
through,  read  over  and  at  right  angles  to  it. 

The  table  on  p.  48  of  the  Appendix,  should 'have  been  placed  on  p.  83. 
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MURIATIC   ACID    AND    CHLORINE. 


1.  Remarks. — ^In  unfolding  this  interesting  but  rather  difficult 
subject,  it  will  probably  contribute  to  perspicuity  to  make  the  student 
first  acquainted  witli  muriatic  acid,  because  it  is  the  parent  substance 
from  which  chlorine  is  always  obtained.  This  will  also  correspond 
with  the  chronological  order  of  discovery.* 

It  will  be  remembered  that,  until  a  recent  period,  muriatic  acid 
was  regarded  as  an  undecomposed  body,  and  it  has  been  ahready 
mentioned  in  this  work,  that  it  was  in  this  respect  ranked  with  the 
boracic  and  fluoric  acids. 

Its  composition,  agreeably  to  the  opinions  now  generally  admitted 
among  chemists,  cannot  be  understood,  until  we  have  become  ac- 

auainted  with  chlorine  ;  but  this  will  not  interfere  with  the  account  of 
ie  properties  of  muriatic  acid ;  and  its  composition  can  be  explam*- 
ed  under  the  head  of  chlorine. 

It  is  impossible  that  either  of  these  subjects  should  be.  fully  under- 
stood without  a  knowledge  of  the  other,  and  with  which  ever  we  be- 
gin, we  must  to  a  degree  anticipate,  but  we  can  afterwards  return 
and  supply  our  deficiences. 

2.  Name.  From  Muria,  the  Latin  name  of  sea  salt,  from  which 
the  acid  is  usually  extracted,  the  composition  being  unknown  at  the 
time  that  the  nomenclature  was  formed.  It  is  also  called  in  com- 
merce by  the  names  marine  qctd,  and  spirit  of  salt. 

The  French  chemists,  since  the  opinion  that  it  is  composed  of  chlo- 
rine and  hydrogen  has  been  sustained,  caU  it  hydro-chloric  add,  but 
this  name  is  not  very  generally  in  use  in  the  scientific  laboratories  in 
English  countries,  and  is  scarcely  known  in  those  of  the  arts. 

3.  History. 

(a.)  The  acid  seems  to  have  been  known  to  BasU  Valentine^  and 
was  first  obtained  by  Glauber,  by  the  process  now  in  use. 

**  The  historical  order  is  not  of  course  the  best  scientific  one,  but  it  is  «  happy  cir- 
cumstance when  the  two  coincide. 

I  am  disposed  to  tbinlc  that  chlorine  is  not  advantageously  arranged  with  oxygen, 
so  as  to  appear  in  the  early  part  of  the  history  of  particular  bodies.  (See  the  plan 
of  the  work.)  If  we  regard  chiefly  its  polarity  in  the  galvanic  series,  and  its  char- 
acter as  a  supporter  of  combustion,  it  will  indeed  be  best  associated  with  oxygen ; 
but  the  focts  connected  with  it  are  so  multiform,  and  the  reasoning  is  often  so  com- 
plicated, that  we  need  an  acquaintance  with  a  large  proportion  of  the  most  import- 
ant chemical  agents  and  phenomena,  before  we  can  study  it  intelligently ;  and  its 
character  as  a  supporter  of  combustion,  and  as  an  electro-negative  body  is  certain- 
ly not  less  intelligible  in  a  later  than  in  an  earlier  part  of  the  arrangement. 

Vol.  n.  1 
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(6.)  It  was  not  known  as  a  gas,  till  Dr.  Priestley,  in  1772,  by 
heatmg  the  liquid  acid,  obtained  and  received  the  gas  in  glass  ves- 
sels, filled  with  mercury. 

4.  Process. 

(a.)  LibereUion  oj  Muriatic  add  gas. — Dr.  Hare. 


A,  is  a  tubulated  retort,  one  third  filled  with  common  salt  ;*  the 
glass  funnel,  furnished  with  a  stop  cock,  contains  sulphuric  acid,  one 
third  or  one  half  as  much  as  the  salt ;  on  turning  the  key,  the  acid 
falls  upon  the  salt  and  decomposes  it,  evolving  the  gas,  which  is  re- 
ceived in  vessels  filled  with  mercury ;  more  acid  is  allowed  to  fall  as 
there  is  occasion,  and  the  heat  of  a  few  coals,  in  the  chaffer,  C,  is 
eventually  applied. 

In  the  above  experiment,  the  glass  funnel,  although  convenient,, 
may  be  dispensed  with,  as  a  tubulated  retort  answers  very  well,  and 
even  a  common  one,  provided  we  have  a  retort  funnel. 

(4.)  Dr.  Priestletfs  original  process  is  easy,  (3.  b.)  but  as  aqueous 
vapor  is  distilled  over  with  the  gas,  the  latter  is  thus  in  part  absorbed'^ 

(c.)  Bottles  may,  without  a  mercurial  apparatus,  be  filed  withthis^ 
gas,  by  availing  ourselves  of  its  superior  sp.  gr.,  by 
which  it  easily  displaces  the  common  air  ;  thus — 

A,  is  the  flask  for  the  materials, 

B,  a  dry  recipient,  empty, 
c,  the  tube  of  communication. 
B,  being  filled  with  the  gas,  which  is  known  by 

its  issuing  with  an  abundant  cloud,  from  the  mouth 

of  the  vessel,  by  its  pungent  smell,  and  by  the  snowy  deposit,  when 


*  Q004  firm  crystals  pulverizpd  arc  belter  than  blown  salt,  because  they  arc  purer. 
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eather  dipped  in  ammonia,  is  held  at  d ;  then  the  stopper  may  be 

roduced,  and  another  bottle  slipped  on,  be. 

6.'  Properties. 

(a.)  The  gas  is  pungent  and  suffoaxting ;  it  is  corrosive^  causing 

ft  hands  to  smart,  as  it  touches  them,  especially  if  moist,  and  even 

oducing  blisters  after  some  time. 

(&.)  Causes  a  white  cloud  in  the  air;  this  becomes  very  striking 

sulphuric  acid  be  poured  mto  muriatic  acid,  in  a  tube,*  or  tall  ves- 
sel ;  prismatic  hues  are  often  seen  in  the  vapor,  especially  by  trans- 
mitted Ught.  The  vapor  is  an  acid  fog  or  mist,  the  gas  precipita- 
ting the  water  of  the  air. 

(c.)  Fatal  to  life;  kills  animals  confined  in  it — ^produces  violent 
irritation  and  spasms  in  the  glottis,  and  therefore  destroys  life  in  this 
manner,  ds  weU  as  by  suffi>cation. 

(rf.)  Theeas  in  jars  over  mercury  is  colorless;  Sp.  gr.  1.284,  air 
being  1 . — ^Thomson.  1 .278,  to  air  as  1  .OOO^— Biot  and  Gay-Lussac. 
100  cubic  inches  weigh  39.18  grs. 

(«.)  Extinguishes  combustion;  a  candle  has  its  flame  enlarged, 
becomes  green  at  the  top  previous  to  extinction,  and  a  white  vapor, 
produced  by  water,  floats  around  the  wick.  The  gas  b  not  itself 
mfiammable. 

(/.)  Mdts  ice  almost  €U  quickly  as  fire  would  do;  ibis  may  be 
seen  by  passing  a  fragment  of  ice  into  a  jar  of  the  gas,  standing  over 
mercury. 

(g.)  Electricity  partially  decomposes  this  gas^  and  tf  in  contact 
only  with  glass  it  evolves  chlorine  and  hydrogen^  not  exceeding  ^-g 
the  first  volume  of  the  gas ;  if  they  exceed  that  propprtion  they 
recombine  and  form  the  original  gas.f 

(A.)  Charcoal  J  sponge^  soft  wood  and  other  porous  bodies^  absorb 
this  gas. 

(«.)  Absorbed,  with  great  rapidity  by  water;  let  a  drop  or  two 
pass  into  a  large  Jar  of  gas  and  the  latter  will  all  disappear,  becom- 
ing liquid  muriatic  acid. 

(j.)  A  bottle  fiiU  of  the  gas^  if  opened  in  water  j  is  almost  instant-' 

(k.)  If  a  blue  infusion  be  employed  it  is  beautifully  reddened, 
A  nask  or  bottle,  with  a  narrow  mouth,  filled  with  the  gas,  as  at 

*  A  glsM  tube,  trampet  mouthed,  2^  or  S  feet  long,  and  {  of  an  Inch  wide  in  th« 
interior  diameter,  with  a  rlaae  plate,  groand  to  the  mouth,  exhibits  a  very  pleasing 
experiment  Pour  into  it  some  strong  liquid  muriatic  acid ;  then  add  some  strong 
sulphuric  acid  ;  as  soon  as  the  common  air  b  expelled,  quickly  slide  on  the  plate, 
and  invert  it  with  its  mouth  under  water,  which,  in  consequence  of  the  absorption 
of  the  gas,  will  rise  with  a  series  of  Jerlcs,  quite  to  the  top  of  the  tube,  and  perhape 
strike  it  as  with  a  blow. 

.  t  Oxygen  and  muriatic  acid  gas,  by  ignitkm  and  electricity,  evolve  chlorine,  ow* 
ing  as  Is  supposed  to  the  union  of  the  hydrogen  with  the  oxygen,  and  a  similar  e^ 
feet  is  produced  by  spongy  ptatiAuitf  at  d5<FFahr .^ITmry,  /,  270. 
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(4.  c),  p.  2,  tbe  finger  being  used  as  a  valve,  if  a  drop  of  water  is 
allowed  to  pass  in  and  agitated,  the  finger  being  replaced  so  as  to 
exclude  the  atmosphere,  the  latter,  the  mouth  being  immersed,  forces 
in  the  water  when  the  finger  is  removed. 

(/.)  A  liquid  acid  may  be  prepared,  in  the  small  way,  by  merely 
passing  the  gas  through  water,  surrounded  by  cold  water  or  ice. 

(«^.)  WcUer  absorbs  betiveen  400  and  600  volumes  ofthisgaz. — 
Sir  H.  Davy  states  the  absorption  at  480  volumes,  at  40^  Fahr.  ; 
Dr.  Thomson  states,  that  at  69°  Fahr.,  nearly  418  cubic  inches  of 
the  gas  are  absorbed  by  1  of  water,  and  that  it  then  occupies  tbe 
space  of  1.34  cubic  inches.  The  solution,  when  cold,  has  the  densi- 
ty 1.1958;  ijt  consists  of  40.39  real  acid  and  69.61  water. 

(n.)  Much  heat  is  given  out  during  the  condensation  of  the  gns 
by  water ;  if  it  is  not  cooled  it  will  soon  boil ;  it  is  the  latent  heat  of 
the  gas,  thus  emerging  as  it  is  condensed. 

(O^)  Condensation  by  pressure  and  cold. — Effected  hy  Mr. 
Faraaay,  (by  the  apparatus  already  described,)  at  50°  Fahr.  and 
under  a  pressure  of  40  atmospheres  ;  the  gas  was  extracted  boat 
muriate  of  ammonia  by  sulphuric  acid.  It  formed  a  cobrless  fluid ; 
refiraction  less  than  that  of  water  and  like  that  of  condensed  carbon- 
ic acid.* 

MEANS  OF  OBTAINING  LIQUID  MURIATIC  ACID. Dr.  Hare. 

"  It  may  be  obtained  by  saturating  water  with  the  gas,  in  Wovlfe^s 
apparatus, — ^The  solution  is  nearly  pure,  in  all  the  bottles  excepting 
Ae  first.  The  liquid  acid  is  also  procured  by  distilling  a  solution  of 
common  sak  with  diluted  sulphuric  acid,  and  condensing  the  product 
in  a  cold  receiver.  In  this  case,  the  aqueous  vapor  proceeding  from 
the  water  employed  to  dilute  the  acid,  rises  with  the  gas  and  causes 
its  condensation.'' 

"  The  apparatus  described,  in  the  following  article,  may  be  em- 
ployed in  procuring  muriatic  acid,  and  generally  where  liquids  are  to 
be  impregnated  with  any  gas." 

Woulfe^s  apparatus. 


'  PhU.  Traof.  1821. 
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'*  This  Bgiure  is  intended  to  ttmweiy  an  idea  of  Wonlfe's  appatttns* 
The  gas  evolved  in  the  retort  first  passes  into  die  globe,  where  any 
vapor  which  may  accompany  it  condenses." 

"  It  then  proceeds  through  the  tube  to  the  botde  next  to  the  globe. 
As  the  mouth  of  this  tube  is  below  the  surfiace  of  the  liquid,  the  gas 
bubbles  up  through  it,  so  as  to  promote  its  own  absorption,  by  the 
agitation.  The  excess  of  gas,  beyond  the  quantity  absorbed  by  the 
liquid  in  the  first  bottle,  passes,  by  means  of  the  connecting  tube,  to 
the  second  bottle,  and  what  is  not  there  absorbed,  reaches  the  third 
bottle,  where  the  process  proceeds,  as  in  the  two  first.  Should  any 
of  the  gas  escape  absorption,  it  may,  by  the  last  tube,  be  conduct^ 
under  a  bell  glass  in  the  hydro-pneumatie  cistern. 

*^  Supposing  the  extrication  of  gas  to  cease,  before  the  liquid,  in 
the  first  Ibottle,  is  saturated,  the  absorption  continuing,  the  liquid  in 
the  second  botde,  might  be  transferrea  to  the  first,  in  consequence  of 
the  rarefaction  of  the  residual  g^s,  rendering  it  incompetent  to  resist 
the  atmospheric  pressure.  In  Uke  manner  the  contents  of  the  third 
bottle  might  be  transferred  to  the  second.  To  prevent  these  incoo- 
▼eniences,  there  is  in  each  bottle  a  straight  tube  fastened  air-tight  into 
an.  intermediate  neck,  and  descending  into  the  liquid.  By  these 
laeans  an  adequate  pressure  is  opposed  to  the  escape  of  gas,  and  yet 
any  diminution  of  pressure  arising  from  absorption,  will  be  compen- 
sated by  the  ingress  of  atmospheric  air,  before  the  liquid  can  be 
drawn  over  from  the  next  bottle.*** 

PHAKMACEUTICAL  FaOGKSS. 

1.  Edinbtir^A. — Common  salt,  sulphuric  aM  and  water,  equal 
VfeighUf  the  acti  mingled  Mfith  i  of  the  water;  when  cold  it  is  poured 
on  the  salt  and  the  gas  passed  tbrotigfa  tfae  remainder  of  the  water  t 
more  acid  than  is  necessary  is  employed  to  form  a  bi-sulphate  and 
insure  a  more  perfect  decomposition  of  the  salt.  The  sp.  gr.  of  the 
acid  obtained  by  this  process  is  1.170. 

2.  London. — The  tame,  only  less  add  is  employed,  in  the  pro- 
portion of  20  parts  to  24  of  the  salt,  with  1}  piots  ofdi^illed  water ; 
i  a  pint  of  the  water  is  mixed  with  the  acid,  to  which,  when  eoldj  the 
sftk  is  added ;  the  remainder  of  the  water  is  placed  in  the  receiver, 
but  less  muriatic  acid  'is  obtained  b  this  way  than  with  the  Edinburgfi 

*  The  apparatus  represented  Bt  (c)  p.  3,  will  ansver  lor  Ibe  itiiprt|pi«lioD  cC 
water,  to  a  moderate  degree,  with  muriatic  add  gut ;  filting  the  recipieot  two  thirds 
full  €i  water  and  keeping  it  cold  by  external  application  of  ice  or  of  cold  water  often 
renewed.  A  useful  Woulfe's  apparatus  may  be  constructed  with  wide  mouthed 
iM^es,  furnished  with  perforated  corks  through  which  the  tubes  may  be  introduced; 
the  safety  tube  may  be  omitted,  without  much  inconvenience^in  all  the  botUes  except 
one.  In  all  cases  where  Woulfe's  apparatus  is  used,  the  first  botUe  should  be  devo- 
ted to  waste,  as  the  product  Is  there  alwmys  impure.  It  may  be  reserved  for  Gal- 
ranic  experiments. 
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proportions,  and  it  seems  to  be  an  established  fact  that  a  more  perfect 
decomposition  is  obtained  by  using  more  of  the  decomposing  agent 
than  is  necessary  to  form  a  definite  compound.* 


PROCESS  OF  THE  ARTS. 


1.  Formerly  they  disiiUedj  at  a  red  heat,  in  earthen  retorts,  bedls 
tf  dried  c/ay,t  of  the  size  of  a  pigeon's  egg,  10  parts  with  I  of  de- 
trepitaied  salt ;  the  decomposition  evidently  arose  from  the  affinity 
of  the  earths  of  the  clay  for  the  alkali  of  the  salt. 

2.  In  the  English  and  French  manufactories^  they  use  not  only 
glass  retorts  but  iron  stills  jumished  with  earthen  heads,  or  in 
iFrance,  with  a  plate  of  lead. — ^In  the  latter  case,  by  recurved  pipes, 
a  connexion  is  formed  with  a  series  of  bottles.  In  England,  the 
earthen  head  is  connected  with  an  earthen  receiver  containing  water* 

PROPERTIES  OF  LIQUID    MURIATIC  ACID. 

(a.)  Purity, — The  product  in  the  second  bottle  is  always  pure,  pro- 
vided the  materials  were  so ;  if  there  is  any  precipitate  with  the  dilu- 
ted|  acid  on  adding  muriate  of  baryta,  the  acid  must  be  agam  distil- 
led from  a  litde  common  salt,  or  cautiously  decanted  from  the  precipi- 
tated sulphate  of  baryta,  the  receiver  and  the  first  botde  generally 
contain  sulphuric  acid,  as  does  the  acid  of  commerce. 

(6.)  Sp.  gr,  by  the  usual  process  1.170;  cannot  be  easily  obtamed  . 
higher  than  1.196^;  that  of  the  pharmacopceias  is  generally  about 
1.160,  of  which  one  hundred  grains  are  saturated  by  124  of  crys- 
tallized carbonate  of  soda ;  that  of  commerce  is  generally  about 
1.156  ;  if  it  is  more  concentrated  than  this,  it  is  so  luming  that  it  is 
difficult  to  keep  it,  and  it  is  very  injurious  to  metallic  articles  in  the 
laboratory. 


*  Kumy,  Vol.  I,  p.  602. 

4  Or,  powder  of  salt  1  part  with  2  of  the  earth ;  a  paste  is  formed  of  this,  and  balls 
made  of  it,  as  large  as  a  hazel  Dut,  are  dried  Id  the  sun  and  then  dbtilled  in  stone  or 
eoated  elass  retorts. — Oray^t  Op,  Chem,  p,  427. 

X  If  the  acid  is  strong  it  precipitates  (he  muriate  of  baryta  undecomposed,  by  seiz- 
ing the  water  of  the  solution ;  it  maj  easily  be  Icnown  whether  the  precipitate  b  mu- 
riate or  sulphate  of  baryta,  as  the  former  will  be  readily  dissolved  by  a  copious  addi- 
tion of  water ;  the  sulphate  would  remain  undissolved. 

§  Dr.  Thomson  says  (First  Prin.  Vol.  I.  pa.  86,)  that  in  winter  he  has  obtamed  it 
as  high  as  1.212,  and  Dr.  Henry  (Vol.  1.  pa.  278,)  states  (hat  by  using  ice  with  Woulfe's 
Iwttles,  it  may  be  made  to  approach  1.500. 
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Table  Irom  Dr.  Thomson,  shewing  the  sp.  gr.  of  acid  of  differ 
eot  degrees  of  strength. 

ProportioQ  of  acid.       Proportions  of  water.        Add  in  100. 

-  .   -   6   .   -   40.659   . 

-  -   -  7  -   -   -  37.000  -  - 

-  -   -   8   -   .  33.945   - 
.   .   -  9  -   -   .  31.346  -  - 

-  .   .  10   -   .  29.134   - 

-  .  .  11  -   -   .  27.206  -  - 

-  .   -  12   -   -   25.517   . 
.   -  -  13  -   .   .  24.026  -  . 


-  14 
.  16 

.  16 
-  17 

-  18 
.  19 

-  20 


22.700 
21.512 
20.442 
19.474 
18.590 
17.790 
17.051 


Sp.gr. 

1.2030 

1.1790 

1.1620 

1.1490 

1.1390 

1.1285 

1.1191 

1.1127 

1.1060 

1.1008 

1.0960 

1.0902 

1.0860 

1.0820 

1.0780 


(e.)  The  add  of  commerce  is  always  colored  yellow;  sometimes 
irom  muriate  of  iron  arising  from  impurities  in  the  materials,  or  from 
the  Yesseb  employed ;  with  a  Woulfe's  apparatus  this  color  does  not 
reach  the  second  bottle  unless  it  is  caused  by  nitre,  which  is  some- 
times present  in  common  salt,*  and  then  generates  nitro-muriadc 
acid,  and  of  course  chlorine.  For  some  reason  the  acid  is  rarely 
quite  colorless. 

(d.)  When  a  botde  containing  strong  muriatic  acid  b  opened,  it 
emits  fumes  exactly  like  those  produced  by  muriatic  acid  gas  in  the 
air,  and  they  arise  from  the  same  cause ;  they  are  pungent  and  suf- 
focating. 

(e.)  The  gas  is  extricated  from  the  aqueous  solution^  by  heatf  as 
already  stated,  and  may  be  collected  over  mercury. 

(/.)  lAquvi  muriatic  acid  is  not  decomposed  by  the  contact  of 
charcoaly  essential  oils  or  other  combustible  bodies. 

(g".)  TasiCj  intensely  add — not  so  corronve  as  the  nitric  or  even 
the  sulphuric  acid  ;  reddens  the  blue  test  colors. 

(A.)  Combines  with  water  in  every  proportion;  the  temperature 
risesy  but  not  as  much  as  with  the  sulphuric  add^  and  when  the  mix- 


*  The  BDieU  of  chlorine  U  often  perceived  in  the  muriatic  acid  of  commerce  :  it 
'Will  then  di«olve  gold.  I  have  known  so  much  cbtorine  obtained  in  the  common 
proceas  for  muriatic  acid  gas,  as  to  be  evident  by  Its  color  and  tinell,  and  by  the  cor- 
TodODof  tiie  qnicksilver  over  which  it  was  obtained.  In  that  case  however,  I  had 
reason  to  suppose  that  the  nitre  had  been  accidflBtally  mixed  with  the  common  salt. 
Previous  calcination  would  decompose  the  nitre,  and  also  any  vegetable  extractive 
matter  which  may  be  present,  and  which  sometimes  colore  the  aad. 
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^  ture  is  cold,  it  does  noc  occupy  the  united  Tolume  of  both  fluids ; 
there  is  therefore  an  increase  of  specific  gravity,  and  a  diminution  of 
capacity  for  heat,  according  to  the  received  theory  on  that  subject. 

(».)  BoUing  point,  110°  Fahr.  or  a  little  higher ;  it  varies ^  how- 
ever, with  the  strength  of  the  add.  The  higher  the  gravity,  or  what 
is  the  same  thing,  the  more  gas  is  combined,  the  lower  is  the  boiling 
pomt.  Acid  of  the  sp.  gr.  1.203,  boils  at  about  107°.  But  there  is 
according  to  Dalton,  a  maximum  boiling  point,  which  is  232°,  and  then 
the  fluid  conuins  real  acid,  20.442,  and  water,  79.558;  if  the  acid 
be  either  wealcer  or  stronger  than  this,  the  boiling  point  is  lower.* 
This  appears  to  be  the  most  intimate  combination  of  the  acid  with 
water. 

(y.)  This  add,  like  others,  combines  with  the  alkalies,  earths^ 
and  metallic  oxides^  and  their  carbonates,  and  forms  salts  which  will 
be  described  in  their  place. 

(k,)  It  attacks  those  metals  that  are  easily  oxidized  ;  with  zbc  and 
iron,  for  example,  it  gives  out  hydrogen  gas,  proceeding  however, 
as  is  supposed,  from  the  decomposition  of  d[ie  water,  and  not  of  the 
acid. 

Remark. — The  sulphuric,  the  nitric,  and  the  muriatic,  are  the 
three  cardinal  adds  of  chemistry  and  the  arts.  We  could  efl!ect 
very  litde  in  practical  chemistry  without  them.  Of  the  three,  the 
sulphuric  is  the  most  useful,  because,  besides  its  own  numerous  and 
important  applications,  it  is  the  principal  instrument  in  making  the 
other  two ;  where  there  is  a  manufactory  of  sulphuric  acid,  the  nitric 
and  muriatic  acids  are  easily  made.  It  has  been  already  stated,  that 
to  obtain  the  sulphuric  acid,  we  burn  sulphur  in  leaden  chambers  ; 
nitric  acid  is  separated  by  the  sulphuric  from  nitre ;  and  the  muriatic, 
by  the  same  agent,  from  common  salt  In  general,  the  sulphuric 
acid  has  a  stronger  attraction  for  bases  than  diner  of  the  others  nam- 
ed above. 

Distinctive  characters. — ^The  sulphuric  acid  is  very  heavy ;  it  is 
inodorous,  and  if  exposed  to  the  air,  rapidly  increases  in  weight ;  it 
never  evaporates,  but  acquires  weight,  at  common  temperatures ;  it 
gradually  chars  animal  and  vegetable  bodies,  and  corrodes  them 
violently  if  heated  with  them. 

Nitric  and  nitrous  and  muriatic  acid,  are  fuming,  odorous,  and 
sujSbcating,  and  the  niuric,  if  strong,  acts  violendy  on  combustibles,  and 
sets  many  of  them  on  fire ;  poured  on  hot  charcoal,  it  causes  it  to 
bum  with  brilliant  scintillations.     Muriatic  acid  dropped  on  the  burn- 


*  ThomioD,  First  Prin.  V«l.  I,  p.  87. 
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iag  coals  extinguished  the  fire  as  water  would  do ;  it  is  lighter  than 

either  of  the  oQiers. 

USES. 

1.  In  medicine. — ^A  valuable  article  of  the  materia  medtca,  and 
employed  generally  as  the  other  mineral  acids  are. 

The  muriatic  acid  is  commonly  considered  to  be  tontc,  in  a  mod- 
erate degree,  and  it  is  likewise  deobstruent,  that  is,  it  acts  on  the  se- 
creting and  absorbent  system,  changing  its  condition  and  action.  It 
is  used  in  those  cases  of  dyspepsia  that  are  attended  with  moibid  se- 
cretions,— also  in  hepatic  derangements,  cutaneous  diseases,  low  fe- 
vers attended  with  morbid  secretions  in  the  stomach  and  intestines, 
scrofula,  etc.  Externally  it  is  rubefacieat  and  vesicatory  and  also 
caustic.* 

2.  Jt  is  also  used  as  a  disinfecting  agent.f — ^It  is  common  m  the 
fever  wards  of  hospitals  and  in  private  houses,  to  liberate  the  muriatic 
acid  from  common  salt,  by  means  of  sulphuric  acid — an  earthen 
vessel  and  a  few  coals  being  all  the  apparatus  that  is  wanted.  It 
corrects  the  bad  odor  and  counteracts  the  contagion.} 

3.  In  the  arts,  to  form  muriate  of  tin  for  the  dyers,  &c. 
Remark. — ^I  shall  so  far  deviate  from  the  course  hitherto  adopted, 

as  to  omit  the  account  of  the  muriates  until  we  have  become  acquaint- 
ed with  chlorine — since  the  views  now  entertained  of  the  constitution 
of  those  bodies  cannot  be  understood  without  a  knowledge  of  chlorine* 

•  Prof.  Tally.  Y.  C. 

t  At  DijoD,  in  France,  there  is  a  cathedral,  which  in  1T7S,  was,  from  the  corpMf 
under  the  floor,  so  much  infected  with  putrid  miasmata,  that  it  had  heen  deserted 
alter  a  number  of  unsuccessful  attempts  to  remove  them,  and  purify  the  air,  by  ex- 
plosions, aromatics,  &c.  Application  heiug  made  to  Prof.  Morveau  for  a  remedy, 
he  took  a  i^lass  vessel,  supported  by  one  of  cast  iron,  and  placed  it  on  a  lew  live  ooals 
in  the  middle  of  the  church.  He  then  put  into  it  six  pounds  of  common  salt,  and 
two  pounds  of  sulphuric  acid,  and  hastily  withdrew,  closing  the  doors  after  him. 
The  gas  soon  filled  the  vast  space,  and  could  be  perceived  even  at  the  doors.  At  the 
end  of  12  hours,  the  church  was  thrown  open  and  ventilated,  when  every  disagree- 
able odor  was  found  to  be  completely  removed.  Some  have  supposed  that  chlorine 
was,  in  this  case,  evolved  by  manganese  added  to  the  salt  and  acid ;  bat  chlorine 
was  not  known  till  the  next  year,  1T74.  I  have  examined  Morveau's  original  me- 
moir in  the  Jour,  de  Physique,  for  1773,  p.  436,  and  find  that  the  facts  are  correctly 
stated  as  above. 

It  is  important  that  no  valuable  arUcles  of  metallic  furniture  or  ornaments  should 
be  within  reach  of  the  gas. 

Some  workmen,  within  my  knowledge,  having  let  loose  this  gas  for  (he  purpoie 
of  disinfecting  a  room  where  there  had  been  fever,  observed  that  the  dock  was  soon 
stopped.  They  had  heard  that  galvanism  is  evolved  by  acids,  acting  on  metals,  and 
conceived  they  had  made  the  discovery  that  galvanism  would  arrest  mechanical 
movements.  A  gentleman  who  was  present,  anxious  to  bring  the  supposed  discov- 
ery to  a  trial,  opened  his  costly  gold  watch  and  held  it  immediately  over  the  vessel 
from  which  the  gas  was  rising.  It  stopped  very  promptly,  and  he  shewed  it  to  me 
a  few  days  after,  completely  ruined — its  fine  wheels  being  covered  with  a  green 
crust,  and  its  steel  springs  with  iron  rust 

X  Dr.  Hope  stated  in  a  public  lecture,  in  Edinburgh,  at  which  I  was  present,  that 
this  practice  was  begun  by  Dr.  Johnstone,  at  Worcester  in  England,  before  it  was 
used  by  Morveau. 

Vol.  II.  2 
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SIMPLE  SUPPORTER  OF  COMBUSTION. 
CHLORINE. 

I.  History  and  importance. — Discovered  in  1774,*  Jy  Mr. 
Scheehj  of  Sweden,  during  bis  experiments  on  the  black  oxide  of 
manganese  ;  be  was  trying  tbe  effects  of  acids  upon  this  substance, 
and  on  adding  muriatic  acid  to  it,  chlorine  gas  made  its  appearance- 
After  oxygen,  the  discovery  of  no  single  body  has  proved  so  import- 
ant to  chemistry  as  that  of  chlorine.  Both  in  theory  and  practice, 
these  two  bodies  touch  almost  every  part  of  the  science,  and  their 
application  to  the  arts  is  extensive  and  important. 

II.  Name. 

(a.)  Called  by  its  discoverer,  dephlogisticated  marine  acidy  ac- 
cording to  the  views  of  a  phlogistic  principle  which  then  prevailed.^ 

(i.)  By  the  French,  denominated  oxygenated  or  oxygenized  mun 
riatic  acid;  for  a  reason  that  will  presently  appear.  Dr.  Pearson 
contracted  the  word  oxygenized  to  oxy — . 

(c.)  Jn  1809,  Gay-ljussac  and  Thenard  suggested,  thai  oxy^miiri" 
atic  add  might  be  a  simple  body,  and  Sir  H,  Davy,  being  engaged  in 
the  same  inquiry,  soon  after  proposed  the  name  Chlorine,  from 
the  Greek  x^p<^«  alluding  to  the  color  of  the  gas,  and  this  name,  pre- 
ferable on  every  account  to  the  former  ones,  is  now  universaUy  adopted. 

III.  Process. 

(a.)  Common  muriatic  add  8  oz,  with  3  or  4  oz,  black  oonde  of 
manganese,  in  a  tubulated  glass  retort  with  a  gentle  heat,  applied 
when  the  gas  begins  to  relent,  gives  160  cubic  inches  of  gas,  which 
mavte  received  over  warm  water. 

(b.)  Or,  (Faraday's  Manipulation,)  8  parts  common  salt,  3  black 
oxide  of  manganese,  6  sulphuric  acid,  and  4  times  its  bulk  of  water. 
The  acid  and  water  should  be  mixed,  and  allowed  to  cool  before 
hand  ;  otherwise  the  materials  are  very  prone  to  boil  up  and  choke 
the  tube  or  tbe  neck  of  the  retort.J 

*  It  is  remarkable  that  the  discovery  of  the  tw/i  most  Important  chemical  agents, 
namely,  oxygen  and  chlorine,  should  have  been  made  in  the  same  year—oxyaen  by 
Dr.  Priestley,  in  England,  and  chlorine  by  M-r.  Scheele,  in  Sweden.  Dr.  Turner 
places  the  latter  discovery  in  1770,  but  Mr.  Scheele's  Essay,  is  dated  1774. 

t  From  ab  attentive  study  .of  the  essays  of  Mr.  Scheele,  and  particularly  of  that 
^n  manganese,  I  was  many  years  ago  impressed  with  the  truth  of  the  ideas  re- 
cently expressed  by  Mr.  John  Murray,  jr.  in  the  6lh  edition  of  his  father's  Elements, 
(Vol.  I,  p.  669^)  and  find  that  in  a  MS.  on  manganese,  written  in  1807,  I  have 
uniformly  tranBJated  Scheele's  **  extrication  of  phlogiston,**  by  "  combination  of 
.oxygen,"  and  his  **  combination  of  phlogiston,'*  by  "  extrication  of  oxygen,"  so  that 
according  to  his  statement  of  the  facts,  dephlogisticated  was  oxygenated  muriatic 
4icid,  the  very  term  afterward^dopted  by  the  French.  The  essays  of  Mr.  Scheele 
are  hi^ly  Instructive  and  interesting,  and  no  one  of  them  is  more  so,  than  that  oa 
inaogs^nese,  date  as  above,  1774. 

t  Authors  differ  a  litUe  in  the  proportions ;  but  as  the  manganese  is  cheap,  it  is  bet- 
ter tp  use  a  little  more  than  is  needed^  than  ilot  to  supply  oxygen  enough.    More  or 
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(c.)  1  QZ.  muriatic  add^  toiih  3  or  4  drachnu  chlorate  ofpotassa  ; 
but  the  gas  thus  obtained  is  a  mixture  of  chlorine  and  its  oxides. 

{d.)  Muriatic  add  with  red  had — ^red  oxide  of  mercury  and  other 
oxides,  which  yield  their  oxygen  ea^ly,  will  produce  chlorine. 

Dry  bottles  placed  under  a  good  flue,  may  be  filled  with  chlorine 
gas  by  a  tube  passing  to  the  bottom  and  conveying  the  gas  from  the 
vessel  in  which  it  is  generated  ;  it  will  lift  out  the  atmosphere  and 
occupy  its  place,  and  the  intensity  of  the  color  will  enable  us  to 
judge  when  the  botde  is  filled,  which  may  then  be  stopped  and  kept 
for  use. 

The  theoiy  of  these  experiments  is  omitted  until  we  are  farther 
advanced  in  the  history  of  chlorine,  except  that  we  may  now  say  that 
the  production  of  the  chlorine  is,  in  all  these  cases,  (except  c,)  owing 
to  the  action  of  oxygen  upon  muriatic  acid. 

IV.  Properties. 

(a.)  Greenish  yellow  color ^  which  is  permanent  in  the  gas,  but 
ceases  when  it  enters  into  combination ;  it  is  a  gas  inherendy  colored, 
and  its  oxides  have  a  still  deeper  hue.* 

(b.)  Smell  intolerably  suffocating  and  oppressive. 

(c.)  Dangerous  in  the  lungs;  occasioning  the  most  painful  and 
distressing  stricture  and  spasm  of  the  glottis,  even  when  largely  diluted 
with  air.    It  thickens  the  mucus,  irritating  the  membrane,  and  the 


lew  water  should  be  mixed  with  the  sulphuric 
acid,  as  we  wish  a  quicker  or  slower  operatiou. 
It  is  better,  however,  when  we  use  sulphuric 
add  and  salt  with  the  manganese,  to  employ  a 
weaker  acid  quite  cold,  and  to  apply  heat  from 
the  beginning.  A  pot,  as  in  the  figure  annex- 
ed, of  the  capacity  of  two  gallons,  made  of 
sheet  lead,  with  a  strong  trumpet-shaped 
mouth,  and  a  lead  tube  thrust  through  a  cork 
smeared  with  wax,  forms  a  very  good  appar- 
atus where  considerable  quantities  of  gas  are 
wanted.  It  may  be  placed  in  hot  water,  con- 
tained in  a  tin  plate  pan,  standing  on  an  earthen 
furnace  or  a  chafing  dish,  and  &U8  we  have  a 
good  water  bath,  wliich  insures  a  regulated 
and  moderate  heat,  in  imitation  of  the  process  of  the  arts.  When  the  add  is  added, 
it  should  be  done  under  a  good  flue,  and  the  lead  pot  allowed  to  stand  there  till  the 
gas  comes  pure  and  freely,  when  it  may  be  quickly  moved  to  (he  water  bath  pre- 
viously arranged,  at  the  destined  place.  The  materials  should  not  fill  more  than  one 
fourth  of  the  vessel.  The  gas  should  be  received  in  vessels  filled  with  warm  wa- 
ter, (about  blood  heat,)  and  if  it  is  to  be  preserved  for  any  length  of  time,  it  should 
be  conveyed  into  glass  bottles  with  good  ground  stoppers,  smeared  with  tallow,  in- 
verted with  their  mouths  under  water,  and  placed  in  a  dark  and  temperate  situation. 
*  We  might  t>e  disposed  to  Mttribute  the  color  to  the  density  of  these  gases;  suffi- 
dent  matter  being,  as  may  be  imagined,  concentrated  at  any  given  point  to  project 
light  to  the  eye,  were  not  fluo-siltcic  acid  gas,  which  is  still  heavier,  quite  invisible 
when  dry.  The  nitrous  adds  appear  to  be  gases,  and  they  are  deeply  colored. 
Chrome  gives  colored  gases,  and  perhaps  there  may  be  others. 
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oppression  and  stricture  sometimes  continue  a  good  v^\%.    The 
greatest  care  should  be  taken  to  avoid  respiring  it. 

(d.)  Sp.  gr.  2.500,  air  being  1.000;  this  is  Dr.  Thomson's  con- 
clusion ;*  and  taking  the  sp.  gr.  of  hydrogen  at  0.0604,  chlorine  m 
just  36  times  heavier,  for  0.0694x36=2,500,  so  nearly  ifaat  the 
difference  may  be  neglected.  100  cubic  inches  of  this  gas  at  60^  F. 
and  30  inches  pressure,  weigh  76.25  grains.  Gay-Lussac  and  Davy 
agree  very  nearly  with  this  statement. 

(c.)  Water^  recently  boiled^  absorbs,  at  60°,  2  volumes  of  cWd- 
rine  and  gives  it  up  again  when  long  heated. — ^This  solution  is  moBi 
donveniendy  made  in  Woulfe's  bottles,  in  which,  if  kept  cold  by  ice, 
it  will  absorb  still  more  of  the  gas.  For  common  purposes,  it  is  done 
with  sufficient  facility  and  effect,  by  filling  a  wide  mouthed  bottle  whh 
cold  water,  expelling  half  of  it  by  chlorine  gas,  placing  the  hand  over 
the  mouth  or  introducing  a  tight  glass  stopper,  and  agitating  the  gas*  and 
water  together ;  the  latter  will  assume  the  color  of  the  gas ;  then 
open  the  bottle  under  water,  some  of  which  wiU  be  forced  in  by  die 
atmospheric  pressure  to  supply  the  absorpdon ;  now  add  more  gas 
and  agitate  as  before,  and  so  on,  until  the  water  is  saturated  ;  in  this 
way,  it  will  absorb  half  its  vobme  or  more.  It  should  be  kept  ia  a 
dark  olace  and  with  the  mouth  of  the  botde  down. 

(/. )  The  solution  has  the  smell  of  chlorine  ;  it  is  astringent  and  noi 
sour^  tf  free  from  muriatic  add,  in  which  case  it  will  not  precipitate 
nitrate  of  mercury,  and  it  can  be  distilled  without  expelling  all  the 
chlorine  from  the  water. 

(g.)  It  does  not  redden,  but  destroys  vegetable  colors  ;  and  hence 
its  use  in  bleaching,  which  will  be  mentioned  more  particularly  far* 
ther  on. 

(A.)  Aqueous  solution  of  chlorine,  exposed  to  the  suh*s  rays,  evolves 
oxygen  gas;  according  to  the  present  views,  this  proceeds  from  the 
decomposition  of  water.  (See  p.  16.)  In  the  dark,  the  oxygen  is 
not  evolved. 

(*•)  Ifgolvanized,  the  chlorine  and  the  oxygen  of  the  water  go  to 
the  positive,  and  the  hydrogen  of  the  water  to  the  negative  pole. 

{J.)  Dry  chlorine  u  permanently  aeriform  in  every  common  flue- 
tuauon  of  temperature  and  pressure.  It  remained  fluid,  with  Sir  H. 
Davy,  at  —  40°,  having  been  previously  dried  by  fused  muriate  of 
lime. 

(k.)  Humid  chlorine,  such  as  is  obtained  over  water,  is  condensed 
into  a  crystalline  solid  at  +40° ;  it  is  called  hydrate  of  chlorine,  and 
contains  chlorine,  1  proportion,  36,  and  water,  10  proportions,  90 
=  126,  or  per  cent,  chlorine  27.7+  water,  72.3=100.f — Faraday, 


'  Tint  Principles,  Vol.  I,  p.  79.  f  Or,  rather  71.44,  and  28.56. 
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(L)  Ifif9b4€meiby»imply  surrounding  ajar  cfeommon  Marine 

fas  with  ice  or  snow;  better  by  adding  a  little  water  to  the  gas  «nd 
eepmg  it  for  a  few  days  at  about  32^  in  a  dark  place,  when  it  will 
shoot  into  delicate  prismatic  crystals,^  As  the  water  grows  warmeri 
the  solid  hydrate  turns  again  into  chlc»rine  gas. 

(m.)  Chlorine  by  pressure  applied  in  an  exhausted  glass  tube  b%f  a 
9yringey  is  condensed  into  a  yeUouf  fluids  and  a  similar  result  is  ob- 
tained by  beating  to  100^  F.  in  a  bent  tube  hermetically  sealed,  the 
solid  hydrate  previously  dried  between  folds  of  blotting  paper. 

In  Mr.  Faraday's  experiments,  the  water  of  the  hydrate  was  tiBged 
of  a  faint  yellow ;  there  was  a  fluid  below  of  a  dense  yellow,  and 
an  atmosphere  of  die  same  color  in  the  tube.  The  Wight  yellow 
fluid  was  supposed  to  be  the  liquefied  chlorine,  and  as  the  tube  coot* 
ed,  the  yelbw  atmosphere  became  condensed  into  a  yellow  fluid,  rest- 
ing  on  the  pale  one.  The  condensed  chlorine  under  a  pressure 
otnearly  4  atmospheres,  is  limpid  and  fluid ;  has  probably  a  sp.  gr.  oi 
about  1.33 ;  is  very  volatile,  and  rushes  explosively  into  chlorme  gas 
when  relieved  from  pressure,  by  breaking  the  tube.  (For  odier  pai^ 
ticulars,  see  Faraday  in  PWL  Trans,  for  1823.) 

(n.)  CUorinej  by  sudden  compression,  gives  out  light  as  well  «• 
heaty  and  no  other  simple  gas,  except  oxygen,  becomes  luminous  by 
compres^on. 

(o.)  Dr.  Hare  iirst  ohserted  that  ehloirine  gag  produces  a  sensation 
ofvmrmtk  in  the  skin^  but  without  affecung  the  thermometer  or  warm- 
ing other  objects.  Nitrous  acid  vapor,  as  already  stated,  is  at  the 
moment  when  the  gases  combine,  sensibly  warm,  and  it  then  imparts 
heat  to  other  substances. 

(p.)  J^eiiher  lights  heat,  nor  electricity^  affects  dry  chlorine  gas  or 
alters  itataU;  facts  which  go  strongly  to  support  its  elementary  char- 
acter, and  are  not  easily  explained  upon  the  other  view. 

Remarks, — Chlorine  is  a  supporter  of  combustion.  It  combines 
directly  with  every  combusdble,  except  carbon  ;f  and  the  same  is  true 
of  oxygen,  with  the  exception  of  silicon.f  These  twoy  are  therefore 
the  only  agents  that  deserve  to  be  called  simple  supporters  ofcombus- 
tion;  the  action  of  phosphorus,  sulphur,  iodine,  be.,  with  the  emer- 
gence of  heat  and  light,  is  so  diflerent  in  the  results,  and  the  cases 
are  so  peculiar,  that  it  is  better  not  to  confound  them  with  at  least  alf 
common  cases  of  combustion,  which  are  confined  to  the  agency  of 
oxygen,  and  this  is  the  only  mode  that  mankind  are  generally  ac- 
quainted with,  and  from  which  all  our  notions  of  this  process  are  de- 
rived. 

**  These  crystals  raise  the  temperature  of  alcohol  8°  or  10^ ;  evolving  ether  and 
muriatic  acid,  and  a  triple  compound  of  chlorine,  carbon,  and  hydrogen  is  formed, 
t  These  exceptions  are  only  apparent  as  these  combinations  can  be  made  indirectly. 
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V.  Action  of  htdbogen  and  production  of  muriatic  acid. 

When  chlorine  and  hydrogen  gas  are  mingled  in  e^ual 
volumes,  thet  disappear,  and  icuriatic  acid  e^ual  to  their 
UNITED  VOLUME  IS  THE  RESULT ;  this  IS  effected  in  several  ways. 

1.  By  electricity  J  they  explode  in  the  detonating  tube^  with  the 
emission  of  heat  and  light;  and  are  converted  into  muriatic  acid. 

2.  By  flame  or  an  ignited  body;  by  the  radiation  from  charcoal^* 
ignited  in  the  galvanic  current  and  by  spongy  platinum. 

3.  By  the  diffuse  light  of  day,  the  mixed  gases  vnH  in  twelve  or 
fourteen  hours  disappear;  if  mixed  in  a  bottle  with  a  tight  stopper, 
and  if  the  bottle  be  opened,  at  the  end  of  that  time,  under  water,  it 
will  be  instantly  filled,  and  the  fluid  will  prove  to  be  very  dilute  mu- 
riatic acid. 

If  the  same  mixture  had  been  kept  in  a  perfectly  dark  place,  there 
would  have  been  no  action  and  the  gases  would  have  remained  un- 
changed. 

If  the  mixed  gasesj  especially  in  a  volume  of  several  quarts,  be 
exposed  to  the  direct  solar  rays,  they  detonate  vnth  great  violence  ; 
and  a  cloud  of  muriatic  acid  gas  appears,  while  (if  the  volumes  were 
equal,)  neither  hydrogen  nor  chlorine  remains.f 

VI.  Theory  of  the  phenomenon. 
1 .  Nothing  can  appear  more  obvious,  than  that  the  two  gases  com- 
bine and  form  muriatic  acid.     It  is  apparently  as  satisfactory  a  con- 
clusion, as  that  water  is  formed  by  the  union  of  oxygen  and  hydrogen. 


*  Phil.  TraDs.  1820,  Mr.  Braade.  While  this  light  was  equally  effectual  as  the 
sun's  rays,  no  other  terrestrial  light  had  any  efibct,  nor  had  the  lunar  rays.  A  mix- 
ture of  Uiese  gases  in  a  Florence  oil  flask  once  exploded  in  my  hands  in  a  very  snowy 
day,  and  with  no  apparent  cause  but  their  own  reaction.  See  Am.  Jour. Vol.  III.  p. 
S42. 

t  Having  several  timel  repeated  this  remarkable  experiment,  (first  made,  I  believe, 
by  Gay-Lussae  and  Th^nard,)  1  will  mention,  that  it  appears  to  me  to  succeed  better 
in  green  glass  than  in  white ;  that  I  have  usually  filled  a  j^reen  flask  of  from  two  to 
four  quarts  capacity  in  the  pneumatic  cistern,  covering  it  first  with  a  thick  brown 
towel,  and  pouring  in  the  hydrogen  last.  With  gloves  on  the  hands,  and  goggles  on 
the  eyes,  the  flask  is  then  tightlv  and  firmly  corked,  while  its  mouth  is  still  underwa- 
ter. An  additional  towel  may  then  be  placed  over  the  flask,  and  both  towels  may  be 
tied  together  atone  corner  to  a  long  string.  The  vessel  may  now  be  carried  into  the 
sun's  rays,  when  there  is  no  cloud,  and  me  operator  keeping  the  string  in  his  hand, 
may,  when  at  the  distance  of  at  least  fifty  feet,  pull  the  towels  off  with  a  sudden 
jerk,  and  retire  still  farther.  Sometimes  the  explosion  is  instantaneous,  and  at  oth- 
er times,  we  may  see  an  undulation  of  misty  vapor,  evidently  that  of  muriatic  acid, 
rapidly  revolving  in  the  flask,  and  immediately  after  comes  the  explosion,  which  ap- 
pears to  be  more  violent  than  that  of  oxygen  and  hydrogen.  I  have  sometimes  placed 
the  flask  in.  a  box,  and  pulled  the  lid  open  with  a  string.  I  have  not  found  it  answer 
well  to  leave  the  mouth  of  the  flask  open  and  standing  in  water.  In  that  case,  I 
have  more  than  on<?e  known  the  combination  to  take  place,  rather  rapidly  indeed, 
but  without  explosion. 


CHLORINB.  15 

This  fact  is  the  basis  of  the  present  theory  of  chlorine,  and  it  is 
inferred  from  it  and  from  other  facts,  suU  to  be  mentioned,  that 
chlorine  is  an  elementary  body. 

2.The  combining  povuer  of  chlorine  i*  e(Bpressed  by  36,*  and  that  of 
hydrogen  being  1,  it  follows  that  muriauc  acid  gas  must  be  represent- 
ed by  37,  and  if  50  cubic  inches  of  hydrogen  weigh  1.059  grs.  and  50 
cubic  inches  of  chJorine  38.125,  100  cubic  inches  of  mariatic  acid 
should  weigh  39.184,  as  ah^eady  stated. 

Vn.  Former  opinion  of  the  nature  of  chlorine. 

This  is  suffi4iently  expressed  by  the  name  which  was  given  to  this 
agent  in  the  French  nomenclature:  oxigenized  muriatic  acid  was  sup- 
posed to  be  composed  of  muriatic  acid,  an  undecomposed  body,  and 
oxygen.  Hence  the  explanadon  of  the  processes  for  obtaining  it 
was,  that  the  black  oxidef  of  manganese,  or  some  other  body  im- 
parted oxygen  to  the  muriatic  acid. 

The  present  view  is,  that  muriadc  acid  being  a  compound  of  chlorine 
and  hydrogen,  the  oxygen  operates  to  detach  the  hydrogen  from  the 
muriatic  acid,  and  thus  to  liberate  the  chlorine  :  according  to  the  old 
opinion  chlorine  is  formed  by  the  union  of  its  principles ;  according 
to  the  new  it  is  simply  let  loose ;  it  is  in  the  latter  case  an  educt,  in 
the  former  one  a  product.  The  new  view  has  in  most  respects,  the 
advantage  of  the  old,  but  there  are  facts  which  seem  to  me  to  be  im- 
perfectly explained  by  either.  It  will  still  be  interesdng  and  instruc- 
tive as  a  part  of  the  history  of  the  science,  to  give  die  explanations  of 
the  principal  facts  upon  both  theories,  although  in  accordance  with  the 
decision  of  the  chemical  world,  I  adopt  the  new  ;  with  an  impres- 
sion however,  that  some  fact  or  facts  not  yet  discovered,  will  here- 
after evince  to  us  that  we  have  not  fully  understood  the  subject. 

Remarks. — Now  that  we  are  acquainted,  with  the  composidon  of 
muriatic  acid,  as  at  present  admitted,  we  may  explain  such  things  as 
were  not  elucidated  in  giving  its  history. 

The  evolution  of  chlorine  and  hydrogen  from  muriatic  acid  by 
electricity  and  galvanism,  is  supposed  to  arise  from  a  decomposition ; 
the  acid  being  resolved  into  its  elements ;  the  former  opinion  would 
have  been,  that  the  decomposition  of  water  gave  oxygen  to  the  muri- 
atic acid  to  form  oxy-muriatic,  and  left  hydrogen  at  liberty,  and  that 
thus  the  two  gases  were  found  in  mixture. 

A  mixture  of  oxygen  and  muriatic  acid  gas  being  electrified  to- 
gether, or  transmitted  through  an  ignited  porcelain  tube,  the  oxygen 

*  This  is  higher  than  the  equivalent  of  any  simple  substance  except  the  metals 
and  iodine. 

t  The  oxide  of  manganese  is  Ibund  to  lose  oxygen  and  to  pass  from  the  state  ofper 
to  that  of  prtft-ozide. 
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takes  the  hydrogen,  forms  water,  and  Uberatos  the  chlorine  ;*  or  upon 
the  old  view,  the  oxygen  unites  with  the  muriatic  acid,  and  forms 
oxy-muriatic  acid. 

The  present  view,  as  to  the  union  of  chlorine  and  hydrogen  to 
Ibrm  muriatic  acid,  has  been  already  given ;  the  other  concludes  that 
hydrogen  and  the  oxygen  of  oxy-muriatic  unite  to  form  water,  which 
combines  witli  the  liberated  muriatic  acid,  to  whose  existence  in  the 
form  of  gas,  it  was  supposed  to  be  essential. 

The  explosion  of  the  mixed  chlorine  and  hydrogen  gases,  by  the 
solar  ray,  is  explained  upon  the  supposition  that  chlorine  is  a  peculiar 
and  energetic  supporter  of  combustion,  thus  made  instantaneously  ef- 
fectual. 

This  fact  was  not  known,  at  the  time  when  the  old  theory  was  in 
vogue,  but  the  explanation  would  plainly  have  been,  that  the  oxygen 
of  the  oxy-muriattc  acid  aided  by  solar  light,  caused  the  hydrogen  to 
explode.  This  is  very  improbable,  since  no  such  effect  is  produced 
by  a  mixture  of  pure  oxygen  with  hydrogen  in  proper  proportions, 
and  it  is  scarcely  credible  that  oxy-muriatic  acid,  containing,  as 
was  believed,  but  a  sixth  part  of  oxygen,  should  produce  effects  in 
oombustion  that  oxygen  alone  cannot  produce.f  This  is  a  strong 
point  in  the  new  theory. 

The  evolution  of  oxygen  gas  in  the  solar  rays,  from  the  aqueous  so- 
hition  of  chlorine,  is  now  explained  by  the  decomposition  of  water, 
which  gives  its  hydrogen  to  chlorine,  to  form  muriatic  acid,  while  the 
oxygen  is  liberated.  By  the  old  theory,  the  oxygen  would  be  derived 
from  the  oxy-muriatic  acid,  while  muriatic  acid  would  remain. 

VIII.  Other  facts  illustrating  the  properties  of  chlorine* 

CASES    OF    combustion,  OR  COMBINATION. 

1.   Common  combustibles. 

(a.\  A  burning  candle  introduced  into  chlorine,  continues  to  bum^ 
but  with  a  diminished  flame  and  a  red  light ;  and  much  black  smoke 
or  carbon  is  evolved  in  a  dense  cloud  mixed  with  muriatic  acid  gas ; 
the  acid  is,  on  the  new  view,  supposed  to  be  formed  by  the  hydrogen 
of  the  candle,  uniting  with  the  chlorine ;  or  on  the  other  view,  to  re- 
main from  the  decomposition  of  the  oxy-muriatic  acid. 

(6.)  Chlorine  spontaneously  inflames  some  combustibles. — ^A  rag 
containing  spirits  of  turpentine,  fastened  to  a  wire  thrust  through 
a  cork  and  lowered   into  a  tubulated  jar  or  a  botde  of  chlorine, 


*  Phil.  Trans.  1824. — StiU  chlorine  u  supposed  to  displace  oxygen  from  id  com- 
bioations. 

f  It  may  be  said,  perhaps,  Uiat  oxy-muriatic  acid  is  a  peculiar  substance  posaoBslDg 
properties  that  do  not  belong  to  its  constituents,  but  the  products  of  its  oombinatioa 
are,  by  the  theory,  supposed  to  be  such  as  do  belong  to  them,  and  (he  agency  ex- 
erted to  be  there&re  that  of  the  elements,  and  not  of  the  compound. 
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bursts  into  flame,  but 
without  explosion,  and  fills  the 
vessel  with  carbon.  The  theory 
is  the  same  as  in  (m.) 

2  Phosph&nuj  ^  introduced 
into  dry  chlorine  gas,  emttSj  span- 
taneousl^j  brilliant  jets  of fire^  and 
hums  with  a  pale  white  light ^  but 
with  less  splendor  than  m  oxygen 
gas. 

In  the  annexed  figure  (of  Dr. 
Hare,)  provision  is  made  by  a  l 
flaccid  bladder  fastened  at  the  I 
tubulure,  for  the  expansion  of  the 
chlorine  gas  by  the  heat ;  in  this 
way  the  fumes  are  kept  from 
escaping  into  the  room.  A  bent 
tube  passing  under  an  air  jar, 
may  be  substituted  for  the  bladder. 

Products  of  the  combustion  of  phosphorus. 

Chloride  of  phosphorus. — ^This  is  the  name  now  given 
product  of  the  combustion  of  phosphorus  in  dry  chlorine. 

The  term  is  in  analogy  with  oxide. 

There  are  two  chlorides ;  the  second  contaming  twice  as  much 
chlorine  as  the  first,  and  called,  therefore,  bi-  or  per-chloride. 

The  per-chloride  is  formed  in  the  above  eocperimentj  the  chlorine 
being  in  the  proportion  of  at  least  12  cubic  inches  of  gas,  to  1  grain 
of  phosphorus. 

(a.)  Properties. — A  snow  white  solid — volatile  at  a  heat  less  than 
212^ — ^fuses  under  pressure,  and  crystallizes  in  transparent  prisms. 
Its  peculiar  properties  are  seen  only  when  it  is  dry ;  it  acts  violendy 
on  water,  which,  by  decomposition,  gives  oxygen  to  form  phosphoric 
acid,  and  hydrogen  to  form  muriatic  acid. 

It  flames  by  a  lighted  taper  ;  with  oxygen,  in  an  ignited  glass  or 
porcelain  tube,  it  forms  phosphoric  acid  and  liberates  chlorine.  Dry 
litmus  paper  is  reddened  by  its  vapor. 

It  combines  widi  ammonia,  with  much  heat,  forming  a  compound 
insoluble  in  water,  not  decomposed  by  acids  or  alkalies,  and  resem- 
bling an  earth. — Davy. 

(6.)  Composition. — Phosphorus  1  grain,  combines  with  6  of  chlo- 
rine, and  as  there  appear  to  be  two  equivalents  of  chlorme,  =72, 
and  1  of  phosphorus  12,  the  equivalent  of  the  compound  is  84. 

(c.)  Proto- Chloride  of  Phosphorus. — Formed  by  heating  the  pcr- 
chlonde  with  one  seventh  of  phosphorus,  or  better,  by  passing  the  va- 

Voh.  n.  3 
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por  of  phosphorus  over  corrosive  sublimate,  in  a  heated  glass  or  ppr- 
celain  tube ;  calomed  is  produced,  and  the  chloride  or  proto-chlorida 
of  phosphorus  is  formed.  The  corrosive  sublimate  being  regarded 
as  a  per-chloride  of  mercury,  is  supposed  to  give  up  one  proportion 
of  chlorine  to  the  phosphorus,  and  thus  becomes  the  chloride  or 
proto-chloride  of  mercury. 

(d.)  ProtO'  Chloride  of  phosphorus  is  a  limpid  fluid  ;  sp.  gr.  1 .45 ; 
its  vapor  bums  in  the  flame  of  a  candle  ;  it  does  not  redden  dry  Utniu$ 

!)aper,  but  its  vapor,  which  it  emits  into  the  air,  acquires  oxygen  to 
brm  phosphorous  acid,*  and  hydrogen  to  form  muriadc  acid  with 
the  chlorine.  Water  is  decomposed  by  it  with  heat,  and  gives  the 
same  result.  In  chlorine  it  forms  the  per-chloride.  It  acts  upon 
ammonia,  and  produces  the  same  compound  as  the  other  chloridf^, 
while  phosphorus  is  evolved. — Davy. 

Its  constitution  is,  phosphorus  1  prop.  12+  chlorine  1,  36=48. 

3.  Sulphur. — Sulphur  absorbs  chlorine  gas^  both  with  and  toitk- 
out  the  aid  of  heat ;  a  stream  of  chlorine  gas  may,  for  this  purpose, 
be  passed  over  flowers  of  sulphur,  or  the  latter  may  be  heated  in  a 
retort  fiUed  with  chlorine  gas.  'fen  grains  of  sulphur  absorb  30 
cttKc  inches  of  the  eas,  and  a  chloride  of  sulphur  is  formed, 

(fl.)  \It  is  a  red  fluids  (if  seen  by  reflected,  but  yellowish  green  if 
seen  by  transmitted  lights)  pungent,  offensive  and  irritating  to  the  eyesj 
like  peat  snAoke,  with  an  odor  like  that  of  sea  weed,  but  much 
stronger  ;  it  is  distilled  at  a  temperature  below  200°.  Sp.  gr.  1.6. 
Dry  litmus  paper  is  not  reddened  by  it,  but  if  water  is  added,  sul- 
phur is  deposited,  and  muriadc,  sulphuric  and  sulphurous  acids  are 
obtained ;  the  necessary  elements  being  furnished  by  the  water.  Al- 
cohol and  etlier  have  similar  effects,  and  it  decomposes  ammonia. 

(6.)  It  is  composed  cf  chlorine  1  prop.  36,  and  1  of  sulphur,  IG,  so 
that  its  equivalent  number  is  52. 

ft  does  not  unite  with  bases  to  form  salts. 

tt  exhibits  no  acid  properties  until  water  is  added  to  it.  It  would 
seem  therefore  that  chlorine  forms  peculiar  compounds  willi  both 
phosphorus  and  sulphur,  and  that  the  facts  are  not  so  well  explamed 
upon  the  old  theory  as  the  new. 

4.  Carburetied  Hydrogen. — The  light  carburetted gas  and  chlorine 
do  not  act  if  dry,  nor  when  moist  if  kept  in  the  dark  ;  but  when  moist, 
action  comes  on  in  common  day  light,  and  especially  in  the  sun's 
direct  rays. 

(a.)  In  the  light,  with  4  vols,  chlorine,  and  1  carburetted  hydrogen, 
filling  a  closely  stopped  bottle,  in  a  few  hours  there  remains  1  vol. 


*  Wbich  is  said  to  be  obtaioed  beet  by  the  intervention  of  this  cl)Ioride. 
t  Discovered  by  Dr.  Thondson,  Nith.  Jotir.  8vo.  Vol.  VI. 
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carboDic  acid,  and  the  rest,  being  muriatic  acid,  is  suddenly  absorbed 
on  opening  the  vessel  under  water. 

(6.^  Direct  solar  rays  someiimes  cause  large  quantities  of  the 
mixed  gases  to  detoTuxte^  an  effect  produced  oho  by  dectriciiy  and  iy 
flame. 

(c.)  With  3  vob.  cUorinej  and  1  earburetted  hydrogen^  the  residue 
is  carbonic  oxide.*  The  decomposition  of  water  affi)rds  oxygen  to 
form  carbonic  acid,  in  the  first  case,  (a.)  and  carbonic  oxide  in  die  se* 
cond,  (c.)  while  its  hydrogen,  with  that  of  the  inflammable  gas,  forms 
muriatic  acid.  By  the  old  theory,  the  oxygen  would  be  derived 
from  the  chlorine,  and  the  muriatic  acid  would  be  the  residuum. 

{d.)  Olejiant  gasy  or  bi<arburetted  hydrogen  gas. — ^Between  this 
gas  and  chlorine  there  is  a  decided  action,  independently  of  light. 

Dr.  Henry  points  out  the  following  method  of  separadng  the  light 
earburetted  hydrogen  from  the  heavy,  or  defiant,  founded  on  the  fact 
that  the  latter  is  not  acted  on  by  chlorine  without  the  presence  of  light. 

(e.)  Chlorine  and  olejiant  gases^  in  equal  volumes^  saturate  each 
other. — ^To  a  given  volume  of  chlorine,  add  a  litde  greater  volume 
of  the  gas  in  question,  and  eventually  a  litde  excess  of  chlorine,  care- 
fully shading  the  vessel  by  an  opake  cover,  and  at  the  end  of  about 
ten  minutes,  cautiously  raising  it  for  inspection ;  if  there  is  no  dimi- 
nution, there  is  no  defiant  gas  present,  and  half  the  diminudon,  when 
it  occurs,  is  attributable  to  that  gas.  After  removing  the  excess  of 
chlorme,  by  washing  with  solution  of  potassa,  the  remainder  is  pure 
light  earburetted  hvdrogen.f 

(/)  Chloric  etneTj  or  hydro-carburet  of  chlorine. — This  elegant 
substance  was  first  supposed  to  be  an  oi],{  and  thence  the  gas  which' 
generates  it  was  called  olefiant  gas. 

{g.)  Preparation. — ^In  the  pneumadc  cistern,  introduce  mto  a  lai^e 
bell  glass,  2  or  3  quarts  of  chlorine  gas,  and  then,  rapidly,  rather 
more  than  an  equal  volume  of  olefiant  gas,§  instandy  sliding  beneath 
the  water  a  large  fiat  dish  or  plate  full  of  water  ;  absorption  will  im- 
mediately begin,  with  warmth,  and  a  cloud  of  vapor ;  water  must  be 
poured  in  to  supply  the  absorption,  till  it  ceases ;  the  oily  substance 
will  soon  appear  as  a  film  upon  the  water,  and  will  form  itself  into 
drops,  and  fall  to  the  bottom.     The  water  may  be  cauuously  pour- 


•  Turner. — Henry. 

f  The  method  used  would  remove  olefiant  and  carbonic  acid  gates,  but  not  ni- 
trogen. 

X  Discovered  in  1796,  by  the  associated  Dutch  Chemists,  at  Haarlem. — Ann.  de 
Chim.  Vol.  XXI,  p.  48.  The  discoverers  suggest,  in  their  original  memoir,  that 
this  fluid  is  rather  an  ether  than  an  oil. 

§  It  u  Important  that  the  olefiant  gas  should  be  added  last,  (hat  by  its  compairative 
levity  it  may  mingle  with  the  chlorine ;  by  reversing  the  order,  I  once  met  vritib.  a 
spontaneous  explosion  of  the  two  gases,  for  the  reason  and  particulars  of  which,  see 
Am.  Jour.  Vol.  X,  p.  866. 
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ed  off)  and  the  oily  fluid,  with  the  reniainiDg  water,  decanted  into  a 
funnel,  stopped  by  the  finger,  and  thence  conveyed  by  another  fun- 
nel into  a  vial :  it  may  be  freed  from  chlorine  by  agitating  it  with 
solution  of  caustic  potassa,  and  purified  still  further  by  distillation 
from  dry  muriate  of  lime. 

(h.)  Properties. — Resembles  an  oily  color  yellowish^  but  white  when 
purified  ;  sinks  in  water ^  in  distinct  globules^  which  readily  run  to- 
gether. Sp.  gr.  at  45^,  1.22.  By  much  agitauon  is  difiused  in  the 
water,  and  partially  dissolved,  imparting  to  the  water  its  own  pecu- 
liar taste,  which  is  sweetishj  penetrating,  aromatic^  and  agreeable. 
Taken  internally,  it  is  stimulating  and  reviving.  For  this  purpose 
it  is  dissolved  in  alcohol,*  and  the  alcohol  can  then  be  diluted  to  any 
desired  degree.  Its  medicinal  powers  have  not  been  ascertained, 
but  from  its  constitudon  and  properties,  it  is  highly  probable  that  it 
would  be  an  active  diffusive  stimulant. 

(t.)  BoUine  point  152^  JPoAr.;  unaltered  by  distillation  ;  decom- 
posed by  ignition  in  porcelain  tubes ;  products,  charcoal,  light  car- 
buretted  hydrogen,  and  muriatic  acid.  Decomposed  by  sulphuric 
acid  and  chlorine  evolved. 

{].)  Composition  and  proportions. — ^As  the  two  gases  combine  in 
equal  volumes,  their  ratios  are  expressed  by  their  sp.  gr. 

Chlorine      2.5       or  1  proportion,     36  72  per  cent. 

Olefiantgas,  .9722  "  14  28 

3.4722     Equivalent  No.  60  100 

Density  of  the  vapor,  3.4434,  corresponding  very  nearly  with  the 
weight  of  the  consti'tuent  gases,  united  volume  for  volume,  two  in  one. 

At  46°  its  vapor  supports  24.66  inches  of  mercury. 

Chloric  ether  appears  to  be  a  compound  of  chlorine  and  defiant 
gas,  (H*  of  chlorine,  carbon  and  hydrogen,  and  this  view  is  correct, 
whether  chlorine  be  regarded  as  simple  or  not. 

5.  Carbon. — The  direct  union  of  Carbon  and  chlorine  appears 
to  be  impossible  by  any  means  hitherto  attempted.  Charcoal  cannot 
be  made  to  bum  in  this  gas  even  when  its  ignition  is  sustained,  for 
an  unlimited  time,  by  the  most  powerful  galvanic  action,  which  is 
very  extraordmary,  as  chlorine,  in  other  eases  sustains  combustion  so 
powerfully. 

(a.)  C/Uoridesof  carbon  have  nevertheless  been  formed  by  the 
ingenuity  of  Mr.  Faraday,  who  availed  himself  of  the  ternary  com- 
pound, consisting  of  chlorine,  hydrogen,  and  carbon,  which  has  been 
akeady  described  under  the  name  of  chloric  ether.f 

*  Which  happens,  instantly,  by  agitation  in  a  vial. 

f  For  the  details  of  very  complicated  processes,  recourse  roust  be  had  to  Mr.  Fare- 
day's  paper,  Phil.  Trans,  1821,  p.  47,  and  apln  to  the  remarks  of  Mr.  R.  Phillips. 
p.' 892.  It  would  not  be  proper  to  introduce  into  a  concise  elementary  work,  such 
king  details  of  substances,  as  yet  comparatively  unimportant* 
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ib.)  Perehloride  of  carbon. 
c.)  Process. — TKs  contisU  mbstantiaUyj  in  admitting  Marine 
gas  to  ddcrie  ether ^  with  the  action  of  the  sun^s  light ;  muriatic  acid 
18  generated,  and  chlorine  is  introduced  in  its  place,  and  so  <hi  fiv 
three  succesave  trials,  when  the  hydrogen  of  the  chloric  ether  is  found 
to  be  removed,  and  a  compound  of  chlorine  and  carbon  appears  in 
the  iann  of  crystals  in  a  dry  state,  and  muriatic  acid  fills  the  vessels. 

{d.)  A  similar  result  is  obtained  by  exposing  to  the  sun^s  light  a  mix^ 
ture  of  S  or  9  volumes  of  chlorine  with  1  ofolefiant  gas.  The  sub- 
stance is  purified  by  careful  washing  with  water  and  sublimation,  and 
by  die  acdon  of  alcohol  which  dissolves  it :  potassa  precipitates  it,  re- 
moving the  muriatic  acid,  and  the  muriate  and  alkali  being  washed 
away  by  water,  the  substance  is  dried  between  folds  of  blotting  paper, 
and  by  the  action  of  sulphuric  acid  in  the  exhausted  receiver. 

(e.)  Properties. — A  white  pulverulent  substance  ;  if  pure,  nift/m* 
ing  without  residuum,  and  giving  no  precipitate  from  its  etherial  sohi* 
non  by  nitrate  of  silver. 

(/.)  Nearly  tasteless  ;  odor  aromatic  like  camphor;  sp.  gr.  about  3, 
friable,  resembles  white  sugar  m  consistency ;  a  non  conductor  of  elec- 
tricity, crystallizes  in  plates  by  sublimation,  or  from  solution  in  alcohol 
or  edier ;  the  primitive  form  a  right  rhombic  prism.  It  evaporates 
qyoiUoneoutly,  and  seeks  the  light  like  camphor ;  melts  at  2>2&^  Fah. 
boils  at  36QP  ;  condenses  firom  rapid  sublimation  in  an  incrastation, 
at  first  so  limpid  that,  but  for  its  highly  refractive  powers,  (1.67 — 
higher  than  that  of  flint  glass,)  it  would  scarcely  be  perceived ;  as  it 
cools  it  splits  and  becomes  opake.  Its  vapor  in  a  red  hot  tube  •# 
decomposed,  evolves  chlorine,  and  leaves  fluid  chloride  of  carbon  ;  if 
oxygen  gas  be  present,  carbonic  acid  and  oxide,  &c.  are  also  evolved. 
Hydrogen  produces  muriatic  acid.  It  bums  red  in  the  flame  of  a 
spirit  lamp,  and  brilliantly  in  oxygen  gas ;  it  is  scarcely  soluble  in 
water,  but  easily  in  alcohol  and  ether,  and  especially  in  the  latter 
when  hot :  it  crystaUizes  on  cooling,  and  beautifully  upon  a  glas9 
plate  even  when  cold. 

(g.)  Soluble  in  volatile  and  fixed  oils;  the  solutions,  when  heated, 
become  charred,  and  evolve  muriatic  acid  gas.    Unaltered  by  acids  ' 
and  alkalies ;  peroxides  of  metals,  such  as  those  of  mercury  and  cop- 
per produce  by  ignition  with  its  vapor,  chlorides,  and  carbonic  acid ; 
aod  protoxides,  give  chlorides  and  carbonic  oxide. 

(A.)  Chlorine  exerts  no  action. — Sulphur  and  iodine  unite  with  it 
by  iiisioD,  and  the  latter  flies  off  by  an  increased  heat.  Phosphorus 
also  combines  with  it  at  a  low  temperature  ;  at  a  higher  degree  it 
bums  brilliandy  in  the  vapor,  and  liberates  charcoal,  which  is  some- 
times suspended  in  beautiful  films  in  the  tube  where  the  flame  passed. 

(t.)  Most  of  the  metals  decompose  it  with  heat,  form  chloriaes  and 
<ieposit  charcoal.    Potassium  burns  brilliantly  in  the  vapor.   Ignited 
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lime,  baryta,  and  9trontia,.\¥ith  vapor  of  the  chloride,  produce  a  vivid 
combustion,  and  the  chlorine  and  oxygen  change  places. 

(j.)  Campontian  and  Proportunu, — Mr.  Farawday,  from  the  ex- 
perimeDls  detailed  in  his  memoir,  concludes  that  tins  chloride  con- 
sists of 

Chlorine,  3  proportions,  36  X  3  ~  1 08 

Carbon,    2  6x2=  12 

120  which  is 
therefore  its  equivalent  number. 

(A;.)  Proio- Chloride. — Process. — By  disiiUation  efiheper-Mo^ 
ride  mrough  ignited  fragments  of  rock  crystal^  in  a  glass  tube  bent 
b  the  colder  part  into  a  augzag  form ;  this  part  is  separated  and  sealed 
and  the  fluid  distilled  back  and  forward  till  it  is  freed  from  the  s(did 
p^«*chloride,  which  is  known  by  the  fact  that  the  proUM^hloride  evap- 
orttes  without  readuum  from  a  glass  plate. 

{L)  Properties. — One  proportion  of  chlorine,  aided  by  the  heat,  es- 
capes and  leaves  a  limfud  fluid  ;  sp.  gr.  1.55 ;  is  an  electric ;  has  a 
refractive  power  of  1.48,  nearly  that  of  camphor;  in  the  flame  of  a 
spirit  lamp  bums  with  a  bright  yellow  Kght  and  evolves  smoke  and 
Odoriatic  acid.  Fluid  at  0  F.,  vaporised  under  water  at  160^  or 
170^,  insoluble  inwater,  soluble  in  alcohol  and  ether  and  gives  a 
greenish  flame ;  soluble  in  oils  fixed  and  volatile ;  not  aflected  by 
alkalies,  acids  or  solution  of  silver ;  by  ignition  with  oxygen  evolves 
chbrine  and  carbonic  oxide  or  acid,  with  hydrogen  gives  muriatic 
acid,  chlorine  and  charcoal. 

{m.)  Composition  and  proportions.-^-'By  Mr.  Faraday's  analysis, 
by  ignition  with  peroxide  of  copper,  it  appears  to  consist  of  chlorine  1 
prc^rtion,  36  + carbon  1,  6^=42,  which  is  therefore  its  equivalent 
number. 

(n.)  Svh- Chloride. — Discovered  by  M.  Julin,  cf  Mo,  in  jFVn- 
land;*  and  brought  from  Sweden  to  England. 

In  the  distillation  of  crude  nitre,  in  iron  retorts,  with  calcined  sul- 
phate of  iron,  from  the  waters  of  the  mine  of  Fablun,  the  receivers 
being  connected  by  glass  tubes  in  the  manner  of  Woulfe's  botdes, 
the  first  tube  was  found  to  contain  sulphur  and  the  second  fine,  white, 
feathery  crystals,  which,  on  examination,  proved  to  be  a  chloride  of 
carbon. 

By  ebullition  with  liquid  potassa,  washing  in  water,  drying  and  sub- 
liming, it  was  freed  from  sulphur  and  obtained  in  white  plumose 
crystals. 


^  Aiinds  of  Philosophy,  Vol.  I,  p.  216,  and  PhU.  Trans.  1821,  p.  392. 
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(o.)  Properliaf.*— White  adhesive  fibres ;  insoluble  in  water,  in  which 
it  sinks ;  tasteless ;  smells  like  spermaceti ;  acids  and  alkalies  do  not 
aifiect  it ;  aohiUe  in  hot  spirits  of  turpentine  and  in  boiling  alcohol ; 
sp.  gr.  .816;  crystallizes  on  coobng;  burns  greenish  blue  in  the  flame 
of  a  lamp ;  sublimes  slowly  at  about  250^  without  melting,  and  melts, 
boik  and  suUimes,  between  350^  and  400^,  condensing  in  long  nee- 
dles. Potassium  bums  vividly  in  its  vapor,  evolving  carbon  and  mu* 
riaiio  acid. 

(p.)  Con^oiition  and  proportions. — According  to  the  analysis  of 
Messrs.  Faraday  and  R.  PbilKps,  this  chloride*  consists  of  chlorine 
1  proportion,  36  +  carbon  2,  12=48,  which  is  therefore  its  equiva- 
lent number. 

Remarks. — ^Although  there  is  no  direct  union  between  chlorine 
9nd  carbon,  it  is  now  obvious  that  there  is  an  affinity,  which  is  made 
active  by  the  peculiar  state  m  which  carbon  exists  in  olefiant  gas  lind 
in  chloric  ether.  A  part  of  the  chlorine  removes  the  hydrogen  to 
form  muriatic  acid  and  another  part  unites  with  the  carbon  to  form 
the  chlorides  that  have  been  described. 

Their  properties,  especially  those  of  the  per-chloride,  are  however 
oot  such  as  might  have  been  expected.  In  other  cases  where  chlo* 
rine  is  much  concentrated,  as  in  the  chlorate  of  potassa  and  in  the 
oxides  of  chlorine,  there  is  an  easy  decomposition,  and  sreat  energy 
of  action  upon  combustible  bodies ;  but  the  reverse  oi  both  these 
facts  is  true  in  this  case. 

Thb  seri^s  of  campounds  is  happily  illustrative  of  the  law  of  defi- 
nite proportions. 

The  per-chloride  contains,  proportions  of  chlorine  3  of  carbon  2 
proto-chloride,  1  1 

sub-chloride,  1  2 

6.  Carbonic  oxide  and  cUorine — ^producing  ehloroHUirbanic  acid 
or  phosgene  gas. 

(a.)  Discovered  by  Dr.  John  Davy  in  1812,f  who  found  that  the 
swtCs  raysy  or  even  diflfuse  light,  will  cause  the  combination  of  chlorine 
and  caroonic  oxide,  although  some  eminent  chemists  had  failed  to 
produce  this  result. 

(&.)  Process. — Eqiud  volumes  of  the  two  gases,  previously  dried  by 
fused  muriate  of  lime,  are  introduced  into  a  dry  exhausted  glass 
globe,  which  is  then  exposed  to  the  sun^s  direct  rays  for  15  minutes  $ 


*  No  theory  U  given  of  Uie  origin  of  (his  chloride  whose  appearance  is  rendered 
very  singular  by  the  circumstances.  Probably  there  was  marine  salt  in  the  nitre, 
which  with  the  nitric  acid,  would  generate  the  chlorine,  and  carbon  must  have 
been  present  in  the  materials  in  some  form,  if  not  in  that  of  olefiant  gas. 

In  passing  the  vapor  of  this  substance  over  ignited  lime,  there  was  vivid  ignition 
and  charcoal  evolved,  and  this  was  one  mode  of  analysing  the  substance. 

t  Phil.  Trans.  1812,  p.  144. 


34  CHLORIDES. 

the  color  of  the  cUorine  wiU  be  destroyed,  and  the  two  volumes  of  gas 
will  be  condensed  into  one.* 

(c.)  JVame.— As  there  is  no  mode  known  of  producing  thb  gas, 
except  by  the  agency  of  light,  it  was  called  phosgene,  from  96<v, 
light,  and  TivofMu,  to  produce. 

(d.)  Properties. — As  the  two  equal  volumes  of  gas  occupy  oohr 
one  volume,  the  sp,  gr.  must  of-  course  be  the  9um  of  the  specific 
gravities  of  the  constituents;  chlorine  2.5  +  carbonic  oxide  0.9722 
=3.4722,  and  100  cubic  inches  must  we^h  105.90  grains;  for  100 
cubic  inches  of  chlorine  weigh  76.25  grains  and  100  of  carbonic 
oxide  29.65. 

(e.)  As  it  has  acid  properties,  it  is  now  called  chloro-carbonic  acid, 
OaoTj  intolerably  pungent  and  suffocating,  irritating  the  eyes  and 
causing  a  copious  and  painful  flow  of  tears.  Reddens  litmus  paper; 
water  generates  with  it  muriatic  acid  and  carbonic  acid,  supplying 
hydrogen  to  the  chlorine  and  oxygen  to  the  carbonic  oxide,  or,  as 
the  old  theory  would  have  explained  it,  oxy-muriatic  add,  giving 
oxygen  to  the  carbonic  oxide  and  muriatic  acid  being  left. 

(/.)  It  condenses  4  volumes  of  ammonia  and  forms  a  white  inodo- 
rous salt,  with  a  pungent  saline  taste ;  producing  no  effect  on  the  test 
colors ;  evolving  carbonic  and  muriatic  acid  gases  by  the  agency  of  the 
stronger  acids,  but  subliming  unaltered,  in  muriatic,  carbonic  and 
sulphurous  acid  gases,  and  dissolving  in  the  acedc  acid  without  efier- 
vescence. 

(g.)  h  is  decomposed  by  tin  and  by  several  of  the  metals,  which  form 
with  it  chlorides,  and  carbonic  oxide  is  evolved,  precisely  equal  in 
volume  to  the  compound  gas.  Chlorme  and  carbonic  oxide,  passed 
through  an  ignited  earthen  tube,  do  not  unite. 

It  is  worthy  of  remark  that  this  acid  gas  has  a  simple  base,  namely, 
carbon,  and  two  acidifybg  principles,  chlorine  and  oxygen,  a  rare, 
perhaps  a  solitary  combinaUon. 

(A.)  Composition. — Chlorine  1  propordon,  36 + carbonic  oxide  1, 
14=50,  which  is  its  equivalent  number. 

7.  JVitr^en. — Chloride  of  nitrogen. — Discovered  by  M.  Du- 
long,jr  in  Paris,  in  1811. 

(a.)  Process. — ^JVb  direct  combination  of  chlorine  and  nitrogen  is 
known  ;  it  is  formed  by  the  action  of  chlorine  upon  an  ammoniacai  salt, 
and  my  experience  accords  with  the  general  statement,  that  nitrate 
of  ammonia  is  the  best.     Dissolve,  in  a  perfecdy  clean  glass  vessel. 


*  The  dried  gases  being  mixed,  in  a  tube,  over  mercury ;  if  the  sun's  rays  fall 
upon  it,  the  color  of  the  chlorine  will  vanish  in  a  minute  and  the  absorption  by  the 
mercury  will  be  fiobhed  in  ten  minutes. 

f  Who  is  said  to  have  lost  an  eye  and  a  finger  by  its  explosion,  and  Sir  H.  Davy 
had  nearly  lost  an  eye  in  the  same  way. 
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1  part  of  this  $alt  in  13  of  water*  and  place  over  it  a  tall  ja^  of  Ma- 
rine gai.  In  a  short  time  there  will  be  an  absorption  and  aJUmof  an 
oily  looking  substance,  greatly  resembling  the  chloric  ether,  will  ap- 
pear, and  collecting  into  drops  toiU  faU  to  the  bottom^  Or,  muriate 
of  ammonia  1  ounce  dissolved  in  12  or  16  ounces  of  hot  water.  When 
ii  is  cooled  to  90^,  place  in  it  a  wide  mouthed  glass  bottle  fuU  of  chlo- 
rine^ standing  in  a  vessel  of  lead;  in  about  20  or  30  minutes  the 
globules  of  the  detonating  substanee  will  be  coUected.f — Tumer, 

(*.)  No  more  of  this  substance  should  be  prepared  at  once  than  is  to 
he  used  in  the  experiment;  the  instrument  represented  below  has 
been  recommended,  and  I  find  it  very  convenient,  for  managing  the 
fluid  without  danger.   It 

is  made  of  a  clean  glass  ^i^^^ 

tube  of  uniform   bore,  ffjr—      I  = 

lent  and  drawn   to  a 

small  orifice,  and  a  wire,  around  which  is  wrapped  tow  to  act  as  a 

piston,  enables  one  to  draw  up  a  ^ngle  globule  at  a  time,  and  to  trans- 

ler  it  to  another  vessel  or  apply  it  to  use. 

(c.)  Properties. — The  most  powerful  detonaiinjF  compound  known  ; 
it  explodes  with  a  brilliant  light  at  the  heat  of  212^,  but  not  with 
that  of  2(HP ;  it  may  be  distiUed  in  close  vessels,  at  or  below,  160°, 
but  it  remsuns  fluid  at  —16°  Fahr.  and  at  the  degree  of  cold  gen- 
erated by  snow  and  muriate  of  lime. 

(A)  A  non-^OTiductor  of  electricity ;  sp.  gr.  1 .66,  color  yellow^  like 
that  of  olive  oil;  transparent,  perfectly  fluid,  smell  nauseous,  strong- 
ly resembling  that  of  the  phosgene  gas ;  in  a  vacuum,  it  is  vaporiz- 
ed, and  the  vapor  is  absorbed  by  water. 

(c.)  Its  disposition  to  explode  is  its  most  remarkable  property. — ^This 
is  effected  by  heat,  and  by  contact  with  combustibles.  I  find  that 
it  is  done  widi  safety,  by  allowing  a  very  minute  globule,  not  larger 
dian  a  pin's  head,  to  fall  fi^m  the  height  of  2  feet,  towards  a  warm 
shovel ;  it  explodes  in  the  air,  before  it  reaches  the  shovel. 

(/.)  When  combustibles  are  employed  to  explode  it^  they  should  not 
be  contained  in  glass  or  earthen  vessels^  but  in  those  of  metal. — We 
generally  put  a  lew  bits  of  phosphorus  into  a  small  bell  metal  mortar, 
and  cautiously  drop  the  fluid,  when  there  is  a  series  of  sharp  crack- 
ling reports. 


*  This  is  the  proportion  recommended  by  Mr.  Brande;  I  have  generally  employed 
a  solution  coofiderably  stronger. 

t  Sir  H.  Davy  attempted  to  form  it  by  passing  chlorine  gas  throurh  Woolfe's  hot* 
ties,  containing  ammoniacal  solations,  but  the  apparatus  was  soon  blown  to  pieces. 
I  have  prepared  this  compound  several  times  and  have  never  met  with  an  explo- 
sion, but  too  much  caution  cannot  be  observed  in  conducting  the  process. 

Vol.  n.  4 
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(g.)  Itiifioi  exploded  equally  by  all  cambuttibles.  Olive  ail, 
uJuther  iimple^  camphoraiedj  or  ndphuretied^  oU  of  turpentine^  phoM^ 
phorutj  ananaphtha^  are  very  certain  ;  but  alcohol  and  ether,  are  said 
to  prevent  its  explosion.  Charcoal  has  no  e&ct  upon  it.  The  most 
complete  account  of  its  properties  is  to  be  found  in  an  elaborate  me* 
moir,  by  Messrs.  Porrett,  Wilson  and  Kirk.*  These  gentlemen 
exposed  the  chloride  of  nitrogen  to  the  contact  of  125  substances, 
and  among  them,  101  failed  to  produce  explosion.  Among  those 
things  that  produced  that  effect,  (in  addition  to  those  abready  men- 
tioned,) were  sulphuretted  and  phosphuretted  hydrogen,  phosphu- 
ret  of  lime,  and  camphor,  caoutchouc,  m)rrrh,  ambergris,  metallic 
soaps,  fused  potassa,  solution  of  ammonia,  nitric  oxide  gas,  palm  oil 
and  whale  and  linseed  oil ;  and  oils  of  tar,  amber,  petroleum,  and 
orange  peel. 

(A.)  Concentrated  muriatic  acid  extricates  chlorine  from  the  com- 
pounaj  and  nitrogen  is  evolved  by  strong  nitric  acid. 

(».)  Composition  and  proportions. — The  analysis  has  not  been  per^ 
haps  performed  with  the  strictest  accuracy^  but  by  withdrawing  the  chlo- 
rine by  the  action  of  mercury.  Sir  H.  Davy  liberated  nitrogen ;  this 
compound  consists  therefore  of  these  two  principles,  probably  in  the 
ratio  of  Chlorine,  4  proportions,  36  x4=  144 
Nitrogen  1  14 

1 58  which  is  of  course  to  be 
received  as  its  representative  number.f 

Remarks. — ^This  compound  is  a  very  singular  one,  and  the  fact  of 
a  fluid  substance  exploding  with  heat,  lights  and  strong  forces  when 
its  elements  are  separating  into  the  gaseous  form^  is,  as  Sir  H.  Davy 
remarks,  without  a  parallel,  even  in  tbe  case  of  euchlorine,  (soon  to 
be  described,)  which  explodes  indeed,  into  gases,  but  being  a  gas 
before,  the  fact  is  less  extraordinary.  The  chloride  of  nitrogen  is 
the  more  extraordinary,  because  nitrogen  is  itself  so  inert  a  body. 
We  have  seen  however,  in  the  case  of  the  nitric  compounds,  that  it 
becomes  very  active  when  in  combmation,  and  the  present  case,  adds 
another  instance  to  show  how  little  we  can,  by  reasoning  a  priori, 
determine  ^at  will  be  the  properties  of  bodies  in  combination,  and 
what  the  results  of  elementary  action. 

The  Metals  aU  combine  with  chlorine^  and  several  of  them, 
either  in  leaves  or  powder,  take  fire  in  this  gas  spontaneouslv  \  gold, 
silver,  and  Dutch  metal,  in  leaves,  and  antimony,  arsenic  and  bismuth^ 
in  powder. 

•  NicholMD's  Journal  Vol.  XXXIV.  p.  180. 

t  MeMrt.  P.  W.  and  K.  suggest  that  hydrogen  is  one  of  the  the  principles  of  this 
-  compound,  ^at  this  opinion  has  not  been  adopted  by  other  chemists. 
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A  tall  jar,  or  trumpet-shaped  tube,  closed  at  one  end,  is  filled 
with  chlorine  gas,  and  stopped  by  a  cork,  or  covered  bv  a  glass. 
Either  of  the  three  metals  last  named,  or  the  sulphuret  of  the  first, 
will  usually  take  fire,  and  form  a  shower,  if  introduced  in  powder  ; 
and  a  white  chloride,  if  the  materials  are  dry,  or  a  muriate  if  they 
are  moist,  is  produced. 

COMPOUNDS   PRODUCED   BT   THE    ACTION   OF    CHLORINE  UPON   THE 
ALKALIES    AND    EARTHS    AND    THEIR   BASES. 

Remark. — ^These  bodies  are  possessed  of  wonderful  properties, 
and  some  of  them  perform  a  great  part  in  chemistry,  and  the  arts. 
It  is  owing  to  the  decomposition  oi  one  of  them,  (that  produced 
by  the  acuon  of  chlorine  upon  potassa,)  that  we  obtain  the  chlo- 
ric oxides  and  acids,  which,  in  strictness  of  logical  order,  should 
be  described  before  any  of  the  chlorates ;  but  for  the  benefit  of 
the  learner,  I  have  preferred  that  order  which  appears  best  adapted  to 
a  clear  comprehension  of  the  subject ;  this  being  a  much  more  im- 
portant and  difficult  object  to  attain  than  to  construct  a  tabular  arrange- 
ment for  an  adept. 

The  only  fact  that  is  necessary  to  be  stated,  to  render  the  history 
of  the  bodies  now  to  be  described  intelligible,  is  that  there  exists  in 
them  an  acid,  the  chloric,  of  which  chlorine  is  the  basis,  and  that 
oxygen  exists  in  this  acid  in  great  proporticm.  This  is  agreed  on 
all  bands,  both  by  the  advocates  of  the  compound  and  simple  nature 
of  chlorine. 

As  soon  as  we  have  described  the  compound  of  chlorate  of  po- 
tassa, we  can  describe  tlie  chloric  acid  and  oxides. 

CHLORATES. 

General  characters. 

1.  Afford  very  pure  oxygen  gas  when  exposed  to  a  red  heat. 

2.  Deflagrate  violently  with  combustibles. 

3.  Detonate  by  percussion,  and  sometimes  spontaneously,  Triien 
mixed  with  inflammables. 

4.  Cause  them  to  bum,  when  mixed  with  this  salt,  and  nitric  or 
sulphuric  acid  is  added. 

5.  Taste,  cool  and  penetrating. 

6.  Soluble  and  crystallizable — generally  soluble  in  alcohol. 

7.  Formed  by  passing  chlorine  gas  through  the  base,  dissolved  or 
suspended  in  water. 

8.  Also,  by  adding  liquid  chloric  acid  to  the  base. 

9.  Unknown  till  1786— ^o  not  exist  as  natural  productions. 

10.  Most  of  the  chlorates  contain  one  equivalent  of  chloric  acid, 
and  one  of  protoxide,  and  therefore  the  oxygen  in  the  former,  is  to 
that  in  the  latter,  as  1  to  5. — Turner. 


sa 


CHLORATES. 


CHLORATE   OF   P0TAS8A. 

1.  History. — First  accidently  formed  by  Dr.  Higgios,*  wbo 
supposed  it  to  be  nitre.  Bertbollet  is  justly  regarded  as  the  true  dis- 
coverer, (in  1786.)  Mr.  Chenem  presented  an  excellent  memoir 
upon  it,  to  the  Royal  Society,  A.  D.  1802. 

2.  Preparation. 

(ff.)  Solution  of  cnustic potash  18  placed  in  Woulfe^s  bottles j  and^ 
stream  of  chlorine  gas  passed  through  it;  thpre  should  be  a  vessel  to 
catch  impiuities  between  the  retort  or  flask,  and  the  first  Wodfe's 
bottle. 

(&.)  A  concentrated  hot  solution  of  pearl  ashes  f  is  aUowed  to  stand 
till  cold,  that  the  sulphate  of  potassa  may  precipitate,  and  it  is  then  sat-- 
uratedwith  chlorine  gas^  without  first  rendering  it  caustic.  The  ef- 
fervescence towards  the  end,  and  the  yellow  color  of  the  solution  in^ 
dicate  saturation.  An  enormous  quantity  of  gas  is  absorbed ;  r 
lead  pot  is  convenient  for  obtaining  the  gas,  and  a  lead  tube  for  the 
communication  with  the  first  botde.  1  have  never  observed  that 
the  admission  of  light  made  any  difference  in  the  formation  of  the 
chlorate,  as  asserted  by  some  authors.^ 


*  See  Higgins  on  Acetous  acid,  p.  180. 

t  When  carbonate  of  potassa  is  employed,  the  chlorine  displace*  a  part  of  tfie 
carbonic  acid  which  combinet  with  another  part  of  the  alicali  to  form  bi-carbooate* 
which,  especially  with  a  concentrated  alkaline  solution,  ia  obtained  in  crystals  miied 
with  the  chlorate ;  this  is  in  fact  the  condition  of  much  of  the  chtorate  of  potassa  of 
commerce,  as  is  proved  by  the  addition  of  a  little  weak  muriatic  add.  J.  T.  * 

X  jSpparatus  to  facilitate  th^  absorption  of  gases. — Dr.  Hare. 


«*  After  the  apparatus  has  been  once  put  togelhcr,  there  is  no  juncture  to  be 
made  in  order  to  employ  it,  excepting  that  of  the  retort  with  the  neck  of  the  receiv- 
er, R.  The  other  junctures  will  serve  for  any  length  of  time,  during  which  the 
glass  may  remain  unbroken." 

"  Suppose  the  three  concentric  jars,  of  which  A  is  the  outer  one,  to  be  supplied 
with  the  liquid  to  be  impregnated,  the  bells  and  trumped  shaped  tube  being  fituated 
as  the  figure  represents  tbem  ;  also  that  a  cork  has  been  perforated  for  the  recep- 
tion of  the  beak  of  the  retort,  and  ii^serte4  into  the  mouth  of  the  receiver,  R.  In 
order  to  put  the  apparatus  in  operation,  it  will  then  only  be  necessary  to  introduce 
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Much  muriate  of  potassa  is  produced,  and  but  a  small  proportion 
of  the  chlorate,  which  is  often  mixed  with  siliceous  earth  separated 
from  the  alkali,  in  which  it  existed  as  an  impurity.  As  the  muri- 
ate cS  potassa  is  much  more  soluble  in  water  than  the  chlorate,  we 
dissolve  the  precipitated  salt  in  hot  water,  filter  and  crystallize  anew, 
and  sometimes  this  is  done  twice  before  the  salt  is  pure.  Another 
crop  of  crystals,  but  Jess  pure,  may  be  obtained  by  evaporating  and 
cooling  the  original  soluUon,  which  finally  yields  only  muriate  of  po- 


into  the  retort  the  generating  materials,  fiteten  the  heak  into  the  moatfa  of  the  r»> 
ceiver,  and  apply  beat,  if  requisite.  On  inspecting  the  figure,  it  wiU  l>e  sufficienUjr 
evident,  that  any  gas,  generated  in  the  retort,  must  pass  into  the  receiver.  Having, 
in  this,  deposited  any  accompanying  vapor,  the  gas  must  proceed  by  the  trumpet 
shaped  tube,  until  it  reaches  the  liquid  in  the  innermost  jar.  If  it  be  not  all  alnprb- 
ed,  in  this  jar,  it  must  escape  through  the  liquid  in  it,  and  reach  another  portion  of  the 
liquid  between  the  innermost  iar  and  the  next  one.  If  not  absorbed  by  this  portion 
c«  the  liquid,  with  a  sufficient  degree  of  rapidity,  it  must  depress  it,  until  its  surfiice 
coincide  witti  the  narrow  part  of  the  stem,  which  supports  the  jar.  Ofcottr»e» 
the  pressure  and  the  surface,  exposed  for  impregnation,  wili  be  very  much  increafb* 
ed.  Should  the  supply  of  gas  still  exceed  the  absorption,  the  excess,  after  filling 
Uie  inner  bell  glass,  will  escape  to  the  next  bell  glass,  and  depress  the  liquid,  in  the 
outer  jar,  exactly  in  the  same  manner  as  descried  with  respect  to  the  iotermtdlate 
jar.  The  degree  of  this  depression,  will  depend  on  the  depth  to  which  the  recurve^ 
pipe,  P,  is  sunk  in  the  adjoiniDg  vessel ;  for  as  soon  as  the  pressure  within  is  sufficient 
to  displace  a  column  of  water  equal  to  that  in  tliis  tube,  an  escape  of  the  gas  mut 
t|ikej>lace  from  its  orifice.'* 

*'  The  bell  glass,  over  the  recurved  tube,  being  previously  filled  with  water,  may 
be  employed  to  catch  the  excess  of  iras,  while  by  me  syphon,  the  water  descending 
from  ue  bell  is  conveyed  into  ano&er  vessel,  so  as  to  be  productive  of  no  inoon- 
T«Dience." 

"  By  extending  the  pipe,  £,  proceeding  from  the  top  of  the  bell  glass,  any  gas, 
'which  is  not  absorbed,  may  be  conducted  into  a  bladder,  or  under  a  large  vessel, 
filled  with  water,  and  inverted  over  the  pneumatic  dsCerp." 

*  It  is  important  in  this  case  and  in 
others,  to  retain  the  heat  of  a  hot  solu- 
tioo,  while  it  is  filtering,  that  no  part 
of  the  contents  may  crystallize  prema- 
tnrely  on  the  filter,  and  be  thus  mixed 
with  impurities.  For  this  purpose. 
Dr.  Hare  contrived  the  apparatus  rep- 
resented in  the  annexed  cut.  It  is 
made  of  sheet  tin,  and  contains  one 
funnel  of  that  metal,  destined  to  sup- 
ports glass  filtering  funnel  with  its  pa- 
per filter,  and  another  funnel  with  the 
vertex  upward,  as  seen  at  a,  and  in- 
tended to  act  as  a  chimney,  to  the  Ar- 
gand  lamp  below,  which  keeps  the 
water  or  other  fluid  hot,  that  fills  the 
cavity  which  is  made  tight  for  this 
purpose,  and  thus  the  liquor  filters 
without  being  cooled.  After  the  sat- 
urated solution  of  chlorate  of  potas- 
ea,  made  with  boiling  hot  water, 
peases  the  filter,  **  the  chlorate  sep- 
arates in  crystalline  plates  of  a  silvery 
whiteness,  which,  during  their  subsi- 
dence, are  beautifully  iridescent.** 
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principles,  exisdng  in  tbe  s«k  in  a  coadented  state,  and  yet  held  by 
so  feeble  an  affinity  that  they  are  easily  disengaged. 

(a.)  In  the  old  theory  it  was  supposed  that  the  Morine  (oxy-mu- 
riatic  acid,)  was^  during  the  combinatbn  with  the  base,  in  part  de- 
composed^  one  large  portion  of  it  giving  oxygen  to  the  other ^  made 
it  a  super  or  hyper  oxigenized  muriatic  acid,  which  combined  with  a 
part  of  the  base  to  form  the  peculiar  salt,  while  the  muriatic  acid, 
remaining  from  the  disoxigenation  of  a  part  of  the  oxy«^muriatic  acid, 
oombined  with  the  remainder  of  the  base,  and  thus  formed  tbe  mu- 
riate of  potassa  so  abundantly  produced  in  this  process. 

(6.)  Abw,  the  phenomena  are  accounted  for  by  the  aid  of  the  de- 
eompositian  of  watery  whose  oxygen  being  added  to  the  Morinefomu 
chloric  acidj  (soon  to  be  described,)  and  this  acid  combines  with  a 
part  of  tbe  base  to  form  chlorate  of  potassa :  uMU  the  hydrogen  of 
the  water  uniting  with  the  renunnder  of  the  chlorine  formt  muriatic 
add;  and  this,  with  the  remainder  of  the  base,  forms  muriate  of  po- 
uusa«  Upon  this  supposition,  the  alkali  does  not  undergo  decompo- 
sition, but  is  whoUy  divided  between  two  acids,  the  muriatic  and  the 
chloric,  both  of  which  are  formed  in  the  process. 

(c*)  According  to  another  meWj  the  alkali  undergoes  decompoittion^ 
ana  apart  of  its  oxygen  is  transferred  to  another  part  to  turn  it  into 
peroxide^  which  is  supposed  to  combine  with  the  chtoric^add^  produced 
oy  tike  decomposition  of  water ,  and  the  muriatic  acid  generated  in  the 
same  way  forms  a  muriate;*  or,  the  sak  produced  may  be  regarded 
not  as  a  compound  of  chloric  acid  and  peroxide  of  potassium,  but 
as  a  triple  compound  of  oxygen,  chlorine,  and  peroxide  of  potassium.^ 

The  decomposidon  of  the  salt  gives  6  proportions  of  oxygen,  1  of 
potassium,  and  1  of  chlorine }  and  as  to  this,  there  is  no  difl^rence 
of  opinion ;  but  Gay-Lussac  and  Davy,  whose  views  are,  on  this 
subject  as  well  as  on  others  connected  with  chemical  science,  entitled 
to  peculiar  respect,  differ  in  the  arrangement  of  the  elements.  I  quote 
the  following  statement  from  Dr.  Henjy.  (Vol.  I.  p.  534.) 


*  But,  with  whmt  ?  Not  with  the  protoxide,  for  that  is  by  tbe  suppoeiUoo  in  pert 
decomposed  to  form  the  peroxide  which  covers  and  is  identified  with  the  remainder 
of  the  protoxide,  and  it  is  not  supposed  that  the  muriatic  acid  can  unite  with  potas- 
sinm  which  would  result  from  the  decomposition  of  the  protoxide.  Chlorine  would 
indeed  unite  with  potassium,  but  being  in  solution  in  water  it  must  be  immediately 
turned  into  a  muriate. 

1  It  is  impossible  that  the  peroxide  of  potassium  should  exist  in  the  chlorate ;  heat 
expels  only  six  atoms  of  oxyeen,  and  leaves  chloride  of  potassium — ^now  five  of  these 
must  come  from  the- acid  ana  one  from  the  alkali.  It  may  be  said,  (by  those  who, 
with  Berzelius,  believe  that  chlorides  may  exist  in  solution  without  decomposition,) 
tiiat  the  5  atoms  of  potassa  are  decomposed,  liberating  enough  oxygen  to  produce  1 
atom  chloric  acid,  which  will  immediately  ibrm  chlorate  of  potassa,  with  some  of  the 
undecoroposed  alkali.  The  5  atoms  of  potassium  likewise  combine  with  6  of  chlorine, 
and  form  5  atoms  chloride  of  potassium.  Hence  for  every  atom  of  chlorate  of  poCaasa« 
(or  124  parts,)  there  must  be  5  atoms  of  chloride  of  potassitim,  (or  880  parts  s=  425 
muriate  of  potassa,)  produced.— J.  T. 
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According  to  Davjr, 

SI  atom  of  metallic  base, 
1  atom  of  chloriDe, 
6  atoms  of  oxygen. 
Accordmg  to  Gay-Lussac, 

/  1  atom  of  alkaline  >  1  atom  of  metal, 
Chlorates  are  \  base,  consisting  of  )  1  atom  of  oxygen. 


composed  of  y  j  atom  of  chloric  >  5  atoms  oxygen. 

V  acid,  consisting  of  >  1  atom  of  chlorine. 

It  is  obvious  that  the  two  views  do  not  differ  at  all  in  the  state-- 
ment  of  the  elements^  and  in  ike  number  of  proportions  of  each;  but 
Davy's  view  presents  a  triple  compound,  of  three  elements,  with- 
out implying  the  existence  eidier  of  acid  or  alkali ;  while  Gay-Lus- 
sac's  divides  the  oxygen,  1  proportion  of  which,  with  the  potassium, 
forms  the  alkaline  base,  and  the  other  5  along  with  1  of  chlorine, 
form  the  chloric  acid. 

This  view  is  fortified  by  the  actual  existence  and  composidon  of 
the  chloric  acid,  (as  will  presendy  appear,)  and  I  am  disposed,  in. 
conformity  with  general  practice,  to  give  it  a  decided  preference* 
This  is  the  view  expressed  under  (i.)  of  the  present  head,  4.  Up- 
on either  view,  the  equivalent  number  of  chlorate  of  potash  is  124  j 
for  chlorine  1,  36+potassium  1,  40+  oxygen  6, 48=124. 

5.  Uses. 

(a.)  In  chemistry y  to  afford  pure  oxygen  gas — to  oxygenize  metals 
and  combustibles — ^to  analyze  vegetables,  to  afford  the  oxides  and 
acids  to  be  mentioned  under  the  next  head,  and  to  demonstrate  the 
enerCT  of  elementary  action,  by  numerous  and  various  experiments. 

(6.)  In  medicine, — Believed  to  be  an  active  remedy,  but  its  medi- 
cal powers  seem  not  to  be  accurately  ascertained. 

(c.)  in  the  artSf  fyc. — Matches  for  kindling  without  fire  are  made 
by  mingling  dry  triturated  chlorate  ofpotassa  2  parts,  urith  powdered 
sidphur  1  part;  or  powdered  sugar  2  parts,  with  powdered  chlorate 
of  potassa  1  part,  always  pounded  separately^  and  mingled  by  very 
gentle  movement,  as  of  a  feather ;  either  of  these  mixtures  being 
moistened  into  a  paste,  by  mucilage,  sulphur  matches  are  rolled  in 
it,  and  dried.  When  wanted  for  kindling  a  light,  they  are  dipped 
into  a  small  bottle  containing  fibres  of  amianthus,  or  of  spun  glass, 
imbued  with  sulphuric  acid  ;  the  theory  of  the  action  is  obvious. 

The  percussion  powder  used  to  discharge  fire  arms,  is  a  mixture 
of  dry  chlorate  of  potassa^  and  sulphur  j  or  other  combustibles^  and 
(as  is  said,)  recently  of  fulminating  mercury  '*  still  in  a  train,  fulmi- 
nating mercury  does  not  fire  gunpowder,  but  merely  silvers  the 

*  Dr.  Harems  Compendium,  p.  247. 
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|raiiis  and  throws  them  aside.     Gunpowder,  however,  gets  fire  to 
fukninating  mercury, 

{d.)  In  war — to  form  a  gunpowder^  Sfc. — ^Were  this  sak  as 
cheap  as  nitre,  and  could  it  be  used  with  safely,  it  would  be  a  tre- 
mendous agent.  Happily,  however,  both  these  difficulties  will  pre- 
vent its  introduction,  either  in  the  form  of  chloric  gunpowder,  or  of 
a  mixture  with  various  inflammables,  and  especially  phosphorus, 
with  which  its  action  is  very  violent,  insuring  both  explosion  and  com- 
bustion, incoercible,  except  by  immersion  in  water.* 

OXIDES  OF    CHLORINE    AND    CHLORIC    ACID. 

Remark. — ^These  subjects,  usually  arranged  with  chlorine,  are  in- 
troduced here,  because  the  oxides  and  acid  are  obtained  by  the 
agency  of  the  chlorate  of  potassa,  and  it  is  difficult  to  explain  the  phe- 
nomena of  their  production,  without  a  previous  knowledge  of  this  salt* 

PROTOXIDE    OF    CHLORINE. EUCHLORINE    OF   DAVT. 

1.  Discovert. — By  SirH.  Dary,  m  1811,  and  described  in  the 
Phil.  Trans,  for  that  year. 

2.  Preparation. 

(a.)  Muriatic  acid^  dUtUed  with  an  equal  volume  of  water  ^ii  ad- 
i  to  chlorate  of  potassa  in  a  retort^  till  the  salt  is  completely  cov- 
ered ;  a  very  mUd  heat  is  applied,  and  the  gas  is  received  over  mer- 
cury. 

This  process  is  troublesome  ;  the  chlorine  that  comes  over  with 
the  oxid6,  corrodes  the  mercury,  and  soils  and  clouds  the  inside  of 
the  vessels,  and  they  are  often  blown  to  pieces,  as  I  have  repeatedly 
experienced,  even  by  the  effect  of  the  warmth  of  the  hands  employ- 
ed in  moving  them. 

(6.)  /  have  obviated  these  inconvenicTiceSj  by  olaetng  the  chlorate 
of  potassa  and  muriatic  acidj  diluted  by  an  equal  volume  ofaoater^  in 
a  small  glass  Jlasky  furnished  with  a  glass  tubcy  bent  twice  at  right 
angles^  and  passing  to  the  bottom  of  any  dean  dry  phial^  flask,  or 
tube,  rather  deep,  and  with  a  narrow  neck  ;f  a  mild  heat  as  of  a 
water  bath,  or  a  spirit  'jarap,  disengages  the  gas,  which,  by  its  supe- 
rior gravity,  displaces  the  common  air,  and  occupies  its  place.  By 
using  the  curved  tongs,  mentioned  on  p.  500,  Vol.  1.  the  vessels  are 
easily  lifted  without  touching  them  by  the  hands ;{  any  substance 

*  It  was  not  without  some  reason  that  Fourcroy  remarked  that  this  salt  contains 
the  elemenU  of  thunder  in  iti  eompontion.  An  attempt  was  made  in  1806,  to  in- 
troduce projectiles,  charged  with  chlorate  of  potassa  and  phosphorus,  into  warfare, 
for  the  purpose  of  burning  a  flotilla ;  but  happily  it  failed  by  accident,  although  it 
acted  with  the  energy  that  might  have  been  expected.  The  obvious  danger  to  &Me 
who  employ  this  preparation,  will  probably  prevent  its  use  in  war. 

t  Nearly  as  at  (e.)  p.  2. 

t  In  the  common  method  of  operating,  I  did  not  often  get  through  without  an  ex- 
plosion :  the  mere  movement  of  the  retort,  however  genUe,  is  sufficient  to  produce 
It,  but  in  the  method  described  under  (b.)  I  have  never  met  with  an  accident  The 
recurved  tube  may  also  be  used  for  impregnaUng  water  with  the  gas  ;  it  soon  ac- 
quires its  peculiar  rich  yellow  color,  and  requires  neither  cold,  agitation  nor  pressore. 
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jtBn  then  be,  in  the  same  manner,  mtroduced,  or  they  can  be  trans- 
ferred to  the  mercurial  cistern,  and  all  the  experiments  are  neatly 
performed,  without  any  danger  to  the  operator.*  Another  method 
which  succeeds  pretty  well,  is  represented  below. 

(c.)  A,  is  a  tall  tube,  containmg  chlorate  of  potassa,  and 
muriatic  acid,  very  little  diluted. 

B,  a  glass  of  hot  water. 

The  euchlorine  gas  rises  and  displaces  the  common 
air,  ichowing  a  very  deep  yellow  color. 

A  rag  imbued  with  spirits  of  turpentine,f  and  iSxed  to 
a  pole,  win  fire  with  a  slight  explosion,  on  bemg  held  so 
as  to  touch  the  gas. 

3.  Properties. 

(a.)  It  hat  a  dense  yellow  color ^  much  deeper^  and  more  hrUUant^ 
than  that  of  chlorine ;  hence  it  was  called  euchlorine,  firom  the 
Greek  intensive  particle,  su,  and  x^P<^*  SmeU  a  little  like  that  of 
burnt  iugar  mixed  toith  chlorine  ;  does  not  irritate  and  distress  the 
glottis  and  lungs  like  chlorine.]; 

(6.^  Water  dissolves  8  or  10  volumes  of  the  gas,  and  acquires  its 
pecuhar  color. 

Jc.)  Destroys  vegetable  colors,  but  gives  first  a  tint  of  red. 
d.)  Explodes  by  a  gentle  heat,  and  by  the  contact  of  all  burning 
lies. 

(e.)  Phosphorus,  and  vohtUe  oUs,  alcohol  and  ether,  in  the  cold, 
cause  an  explosion  and  conJmstion ;  the  fluids  may  be  introduced 
on  a  rag,  held  by  tongs. 

(/.)  With  nitric  oxide  gas,  it  produces  dense  red  fumes,  with  a 
diminution  of  volume. 

ffif.^  Sp.  gr.  2.4  ;  100  cubic  inches  weigh  74.55  grains. 

(aJ  Condensable  into  a  fluid,  by  extreme  cold  and  pressure.^^ 
Mr.  Faraday^  enclosed  some  of  the  chlorate  of  potassa  and  sulphu- 
ric acid,  in  a  glass  tube,  and  left  them  to  act  for  24  hours,  when  the 
heat  of  100^  was  applied  to  the  materials,  and  the  cold  of  0  to  the 
other  e^d  of  the  tube.  A  fluid  was  obtained,  of  a  deep  yellow 
color.  'On  attemptmg  to  open  the  tube,  it  burst  with  explosion,  and 
there  was  a  rush  of  euchlorine  gas. 

*  Am.  Joor.  Vol.  V I,  p.  195.  It  is  true  that  6)e  pm  may,  In  thia  way,  eontaiD  a 
little  cblorine,  or  common  air,  but  it  is  pure  enough  lor  every  common  demonatradon. 
The  beat  proportiona  are,  of  the  salt  2,  strong  muriatic  acid  1,  and  1  water. 
Dr.  Turner  says  that  if  Uie  chlorate  is  mixed  with  an  excess  of  muriatic  add,  it  is 
completely  decomposed. 

t  There  should  not  be  so  much  of  the  fluid  as  to  drop  from  the  rag,  because  it  may 
then  produce  a  violent  explosion. 

X  We  anxioualy  avoid  permitting  chlorine  to  flow  into  tiie  room  at  all,  bilt  thia 
gas,  although  not  agreeshle,  occasions,  when  floating  about,  no  serious  inconvenience 
to  Uie  lungs.  (  Phil.  Trans.  1828,  p.  194. 
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(»•)  Constitution. — By  exploaum^  by  a  very  gentle  heat^  b  parts 
became  6,  coosisting  of  a  mixture  of  oxygen  and  chlorine  gases,  in 
such  proportions  as  to  indicate  that  euchlorine  is  composed  ofcUorine 
2  volumes  and  oxygen  1,  the  latter  being  condensed  into  half  its  vol- 
umei  o^  by  weight,  chlorine  81.44  100. 

oxygen    18.66  22.79 

100. 

Or,  chlorine  1  proportion,  36+  oxygen  1,  8^44  which  is  there* 
fore  its  equivalent  number. 

This  gas  presents  the  singular  analomy  of  an  explosion  with  heat 
and  light,  arising  from  a  decomposidon  of  a  gas,  into  other  gases, 
more  expanded. 

(y.^  jSucMorine  does  not  unite  with  basesj  and  therefore  is  not 
an  acid. 

(k.)  When  mixed  with  hydrogen,  and  detonated,  more  than  two 
thirds  of  the  mixture  were  condensed,  and  liquid  muriatic  acid  form- 
ed. When  the  euchlorine  was  in  excess,  oxyuen  was  always  ex- 
pelled, shewing  diat  hydrogen  attracts  chlorine  more  powerfully  than 
oxyeen. 

(t)  Mercury  does  not  act  upon  this  gas  in  the  cold;  antimony 
ana  copper  will  bum  in  it  if  previously  heated  ;  arsenic  does  not  bum 
till  the  gas  is  decomposed,  and  iron  wire,  if  introduced  hot,  bums 
brilliantly.  JSTone  of  the  metals  that  bum  spontaneously  in  chlorine^ 
bum  in  this  gas  untU  it  has  been  decomposed. 

The  explosion*  of  euchlorine  is  easily  exhibited,  as  in  the  annexed 
figure,  by  Dr.  Hare. 


"  The  gas  being  introduced  into  a  strong  tube  of  about  f  of  an 
inch  in  diameter,  and  15  inches  in  length,  over  mercury;  on  apply- 
ing a  heated  metallic  ring,  an  explosion  ensues.  The  gas  at  the 
same  time  loses  its  greenish  yellow  color,  and  increases  in  bulk,  be- 
ing converted  into  one  volume  of  oxygen,  and  two  volumes  chlorine." 


*  There  is  ia  fact  an  explosion  produced  by  the  Introduction  of  most  of  the  inflam- 
mablea  mentioned  above,  and  thus  this  occurrence  is  almost  coincident  with  the  com- 
bustion. 
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"  The  chlorme  is  subsequently  absorbed  by  the  mercury." 
Combustibles  bum  in  eucblorine  gas  after  it  is  decomposed  by 
heat,  as  they  would  do  in  a  mixture  of  2  volumes  of  chlorine,  and  1 
of  oxygen  gas. 

No  good  reason  has  yet  been  given,  why  heat  and  light  are  evolv- 
ed, in  consequence  of  the  separation  of  two  gases,  into  a  larger  vol- 
ume ;  theory  would  have  taught  us  to  expect  rather  the  production 
of  cold. 

PEROXIDE    OF   CHLORINE. 

1.  Discovery — By  Sir  H.  Davy;*  and  not  long  after,  examin- 
ed by  Count  Stadion,  of  Vieipia.f 

2.  Process. 

(a.)  For  the  sake  of  safeiy^  not  over  50  or  60  grs.  of  the  dry 
powdered  chlorate  of  potassa  are  mixed  vnth  a  little  sulphuric  acidj 
and  rubbed  with  a  spatula  of  platinum  till  they  are  thoroughly  incor- 
porated into  a  paste  of  a  bright  orange  color. 

This  is  introduced  into  a  small  glass  retort,  and  gradually  heated 
hy  a  water  bath,  containing  cdcoholy  to  prevent  the  fluid  from  attain- 
ing the  temperature  of  212°;  and  great  care  should  be  taken^  that 
no  combustible  substance  is  mingled  with  the  materials.  At  first, 
dense  white  fumes,  and  a  little  of  an  orange  gas  are  disengaged,  with- 
out heat,  but  most  of  the  peculiar  gas  remains  combined  with  the 
solid  materials.  Count  Stadion  poured  strong  sulphuric  acid  over  a 
small  quantity  of  the  chlorate  of  potassa  fused  in  a  retort,  and  gradu- 
ally heated  the  retort  for  three  hours,  X^  it  reached  the  temperature 
of212o. 

The  gas  is  received  over  mercury,  upon  which  it  does  not  act  in 
the  cold.f 

3.  Properties. 

(a.)  Color  bright  yellowish  green^  but  much  more  brilliant  than 
that  of  the  protoxide  ;  much  more  rapidly  dissolved  in  water ^  which 
absorbs  7  volumes  of  the  gas^  and  acquires  the  same  tint ;  the  pro- 
toxide however  absorbs  8  or  10  volumes,  but  more  tardily.  The 
solution  is  fuming;  not  acid,  but  corrosive,  and  leaves  for  a  long  time, 
a  disagreeable  impression  on  the  tongue.  The  solution  is  decom- 
posed in  the  light  into  chlorine  and  chloric  acid,  but  is  permanent  in 
the  dark. 

(&.)  Odor^  peculiar  and  arom<ttiCj  unmixed  with  that  of  chlorine. 

•  Phil.  Trans.  1815,  Part  H. 

1  Tbomson*8  Annals,  Vol.  IX.  p.  22.  As  this  gas  is  obtained  by  (he  same  hazard- 
ous process  as  that  which  exposed  Mr.  Chenevix  and  his  assistant  to  great  danger, 
(See  page  30),  it  should  never  be  attempted  without  the  most  anxious  attention,  and 
never  by  an  inexperienced  person.' 

t  I  have  not  made  the  experiment,  but  cannot  doubt  that  (his  gas  may  be  collect- 
ed without  mercury,  in  the  same  manner  as  that  described  under  the  protoxide. 
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(c.)  Destroys  most  vegetabk  colors^  without  previously  reddening 
them,  but  Count  Stadion  asserts  that  it  does  not  change  blue  paper. 

(d.)  Heated  to  about  212°  (Davy)  112°  to  114°  (Stadion)  it  ex- 
plodes with  bright  lights  and  with  more  violence  than  euMortne^  and 
IS  much  more  expanded. 

{e.\  By  explosion  40  volumes  of  the  gas  became  60,  of  which  20 
are  cnlorine,  and  40  oxygen,*  as  every  volume  of  oxygen  represents 
two  equivalents,  the  proportions  of  this  peroxide  are  therefore  1  chJUh 
rine  36+4  oxtjgen^  32=68  ^br  the  equivalent  number.  As  the 
protoxide  of  chlorine  consists  of  chlorine  1  proportion,  and  oxygen  1, 
It  b  obvious  that  there  may  be  two  other  oxides  between  that  and 
the  peroxide,  namely,  one  of  1  chlorine  and  2  oxygen,  and  another 
of  1  chlorine  and  3  oxygen,  and  this  latter  seems  to  have  been  ob- 
tained b^  Count  Stadion,  unless  we  may  suppose  that  his  gas  was  in 
fact  a  mixture  of  the  two  oxides  which  we  have  described. 

(/.)  iSp.  gr.  2.36  ;  it  does  not  promptly  combine  with  alkalies^  but 
after  a  time  produces  with  them  chlorates,  with  probably  a  small  por- 
tion of  muriates. 

(g.)  Phosphorus  alone  among  the  combustibles,  causes  in  the  cold^ 
a  spontaneous  combustion  ;  it  bums  with  great  brilliancy,  in  the  mixed 
gases  arismg  from  the  decomposition  of  this  gas. 

This  gas,  the  peroxide  of  chlorine,  may  be  obtamed  by  the  action 
of  the  nitric  acid  on  the  chlorate  of  potassa  ;  and  a  much  larger  pro- 
portion of  nitric  acid  may  be  safely  used  than  of  the  sulphuric ;  but 
the  gas  is  mixed  with  about  \  of  oxygen. 


^jSpparatus  for  exkOnting  $<i/ely  the  explotian 
qf  peroxide  qf  Chlorine. — Dr.  Hare. 

**  The  annexed  figure  repreients  an  apptratus  fiir 
exhibiting,  without  danger  to  the  spectaton,  the  de- 
tonation of  Uie  peroxide  of  chlorine. 

*'  Into  a  tube,  supported  on  a  table  in  a  poeitioD  in- 
clined from  that  in  which  the  operator  stands,  about 
an  eighth  of  an  5dbce  of  sulphuric  acid  is  introduced. 
Chlorate  of  potassa  in  powder  is  added  gradually  in 
very  small  quantities,  till  a  paste  is  formed,  of  an  or- 
ange color. 

**  The  tube  being  thus  charged,  it  is  corked  gently, 
and  suspended  within  the  stout  cylinder,  as  in  the 
drawing.  It  is  then  surrounded,  near  the  bottom,  by 
another  tube,  supplied  with  boiUng  water.  At  first, 
the  hot  water  is  applied  only  to  that  part  of  the  tube 
which  contains  the  paste  :  but,  as  soon  as  the  inner 
tube  is  pervaded  by  a  greenish  yellow  color,  demon- 
strating  the  evolution  of  the  gaseous  ox|de,  the 
outer  tube  containing  the  water  is  to  be  raised,  so 
that  the  gas  may  be  generally  heated  by  it 

**  An  explosion  soon  follows,  from  the  influence  of 
which  spectators  are  protected,  by  the  glass  cylin- 
der." 
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CUhOBlC  ACtD. 

i.  DiscovuRT. — Indicated  by  Mr.  Chenemx^  in  1802,  (see  bis 
memoir,)  but  first  distifKtly  exhibited  by  Vauqudin  and  Gay-Lut- 
sac.* 

Remark. — ^I  sball  anticipate  so  far  as  to  mentioa  now,  the  chlorate 
of  baryta,  and  to  say  that  it  is  obtained  by  passing  chlorine  gaa 
throagh  a  warm  aqueous  solution  of  piire  barjrta,  tiH  it  is  saturated ; 
the  fihered  solution  is  then  to  be  boiled  with  pfaospbate  of  siiyer,f 
which  will  decompose  the  muriate  of  baryta  that  is  mixed  with  the 
chlorate,  and  phosphate  of  baryta,  and  muriate  of  silver,  two  insdu- 
ble  salts  will  be  precipitated.  Care  must  be  taken  that  there  is  no 
excess  of  phosphate  of  silver.;^ 

2.  Pbocess. — Solution  of  pure  chloraie  of  baryta  toith  sulphuric 
addy  gives  a  precipitate  of  sulphate  of  baryta  liberating  chloric  add. 
There  must  be  no  excess  either  of  sulphuric  acid  or  of  chlorate  of 
baryta ;  this  will  be  the  fact  when  these  agents  cause  no  precipitater 
in  separate  portions  of  the  fluid,  which  should  remain  perfectly  trans- 
parent. 

3.  Pboperties. 

(a.)  A  colorless  liquid;  inodorous j  except  when  concentrated  and 
heated,  when  it  is  immoderately  pungent. 

(ft.)  Saury  reddens  blue  colors^  does  not  bleach  prompUyy  but  after 
a  day  or  two  destroys  the  col(»  of  litmus  paper,  especially  if  sus- 
pended in  the  air. 

(c.)  Does  not  precipitate  nitrate  ofsUveVy  lead  or  mercury. 

\dJ)  Concentrated  by  a  gentle  heat,  and  assumes  an  oXbf  consis- 
tence ;  with  a  higher  heat  partially  volatilized,  and  decomposed  bto 
chlorine  and  oxygen  ;  alter  which,  on  account  of  the  formadon  of 
muriatic  acid,  it  precipitates  nitrate  of  silver;  does  not  lose  weight 
m  the  air. 

(e.)  Decomposed  by  muriatic  addy  and  both  acidsy  ^  mingled  in 
proper  proportionsy  are  chained  into  chlorine  ;  the  oxygen  of  the 
chloric  acid  uniting  with  the  hydrogen  of  the  muriatic  acid  to  form 
water,  and  thus  evolving  chlorine  from  both ;  or,  as  would  have  been 
said  upon  the  old  theory,  the  excess  of  oxygen  in  chloric  acid  beyond 
what  IS  in  oxy-muriatic  acid,  producmg  that  body  by  uniting  with  the 
nniriatic  acid,  and  evolvmg  it  from  the  chloric  acid. 


•Ann.  de  CMm.  Vol.  XCV.  p.  102. 

t  An  insoluble  salt,  easily  obtained  by  minglinc  a  aolutioa  of  nitrate  of  nlver  witl^ 
one  of  phosphate  of  soda,  when  nitrate  of  soda  and  phosphate  of  sihrer  ase  prodaced^ 
and  the  nitrate  remains  in  solutioOr 

X  See  phosphate  of  l>arjta. 
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(/.)  With  sulphuretted  hydrogen,  farms  water  and  liberates  cKUh- 
rine  and  sulphur;  with  sulphurous  acid,  forms  sulphuric  acid  and 
evokes  chlorine. 

(fl^.)  The  metals  that  decompose  water,  also  decompose  the  chloric 
acidy  and  form  compounds  consisting  of  chlorine  and  a  metallic 
oxide. 

(A.)  Forms  chlorates  with  alkalies;  that  is,  salts  perfectly  analo- 
gous to  those  produced  by  passing  chlorine  gas  through  the  bases 
dissolved  or  suspended  in  water ;  this  fact  removes  the  possibility  of 
a  doubt  with  respect  to  the  nature  of  the  chloric  acid. 

(t.)  Constitution. — Mr.  Chenevix,  in  1802,  inferred  from  the  de- 
composition of  chlorate  of  potassa  by  heat,  that  the  acid  which  he 
supposed  to  exist  in  it,*  consisted  of  chlorine  35,  and  oxygen  65, 
while  he  supposed  chlorine  itsdf  to  contain  only  16  per  cent,  of  ox- 
ygen. 

Vauquelin  drew  the  same  conclusion,  as  to  the  constitution  of 
chloric  acid  ;  but  Gajr-Lussac  supposes  it  to  consist  of  chlorine  47.3, 
and  oxygen  52.7.  This  Dr.  Henry  regards  aa  the  more  probable 
constitution,  as  it  gives  chlorine  47.3,  and  oxygen  52.7,  or  chlorine 
1  proportion,  36,  +  oxygen  5,  40=76,  the  equivalent  number  of 
chloric  acid. 

PER-CHLORIC    ACID,    AND    PER-CHLORATE    OF  POTASSA. 

1.  Discovert  and  preparation. — By  Count  Stadion,  who 
found,  that  after  the  process  for  per-oxide  of  chlorine  is  through^  there 
remains  in  the  retort  a  mixture  of  bi-sulphate  of  potassa,  and  per- 
chlorate  of  potassa.  The  bi-sulphate  is  removed  by  washing  with 
cold  water,  and  the  per-chlorate  remains.  It  is  soluble  in  not  less 
than  50  or  55  parts  of  water,  at  60°,  but  dissolves  easily  in  boiling 
hot  water.  It  crystallizes  in  lengthened  octahedra.  It  does  not 
change  vegetable  colors.  Heated  with  an  equal  weight  of  sulphuric 
acid,  to  280°,  white  vapors  arise,  which  condense  into  a  colorless 
fluid,  and  are  regarded  as  per-chloric  acid.  Its  properties  are  but 
little  known.  Count  Stadion,  by  decomposing  the  salt  at  412°,  ob- 
tained chloride  of  potassium,  (dry  muriate  of  potassa,)  and  oxygen 
gas,  the  latter  in  such  quantity  as  to  induce  him  to  fix  the  proportions 
at  chlorine  1  equiv.  36,  +  oxygen  7,f  56=92,  for  the  equivalent 
number. 


*  Called  at  that  time,  the  super  or  hyper-oxy^enized  muriatic  acid, 
t  8  equiv.  according  to  the  Lib.  of  Use.  Knowledge. 
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Tlie  per-cblorate  of  potassa  may  be  formed  hj  mixing  1  part  of 
powdered  chlorate  of  potassa  with  3  of  strong  sulphuric  acid,  and 
heating  the  mixture  till  it  turns  white,  when  the  mass  will  be  found 
to  consist  of  bi-sulphate  and  per-chlorate  of  potassa.* 

REM  ARCS  ON  THE  COMPOUNDS  OF  CHLORINE  AND  OXYGEN,  AND 
OS   THEIR  DECOMPOSITION. 

Gaj-Lussacf  gives  the  two  first  columns  of  the  following  table,  to 
which  the  third  is  now  added. 

Ipropor*  of  chlorine.  Oxygen.           Equivalent  number. 

Protoxide  of  chlorine,       36         +  8,  one  pfopor.     =44 

Peroxide  of  chlorine,        36  32,  four                    68 

CUoricacid,                    36  40,  five                     76 

Per-cfaloric  acid,               36  56,  seven                  92 

Chlorine  exitts  no  tohere  naiuraUyj  in  a  free  state^  nor  do  the  coph- 
pounds  named  in  the  above  table^  exist  at  aU  in  nature.^  We  cannot 
directb/  combine  their  elements  by  art,  and  the  mutual  affinity  of 
oxygen  and  chlorine  being  extremely  feeble,  and  it  being  still  very 
energetic  towards  combustibles,  the  chloric  acids  and  oxides  act  on 
these  bodies  with  great  violence. 

Remarki. — ^We  are  now  prepared  to  understand  the  phenomena 
that  attend  the  action  of  the  acids  upon  the  chlorate  of  potassa .  They 
combine  with  the  base  and  liberate  the  chloric  acid  in  a  decomposed 
state,  giving  difierent  proportions  of  chlorine,  oxygen,  and  the  two 
oxides  of  chlorine,  already  discovered ;  and  possibly  of  others  not  yet 
ascertained.^  Tbe  decrepitation  and  explosions  arise  firom  the  de« 
ixunposition  of  the  chlpric  acid  and  oxides ;  and  we  have  seen  that  the 
oxygen  and  chlorine  of  the  latter,  separate  with  explosion  even  when 
ifae  gases,  without  decomposition,  are  previously  obtained  in  a  free  state. 

In  the  case  of  muriatic  acid,  concentrated  and  in  excess,  the  chlo* 
ric  acid,  separated  by  it  from  the  chlorate  of  potassa,  is  completely 
decomposed  ;  its  five  proportions  of  oxygen  unite  with  the  one  pro- 
portion of  hydrogen  in  five  of  muriatic  acid  that  are  decomposed, 
and  form  five  proportions  of  water,  while  the  chlorme  of  both  is  dis- 
engaged. But  if  the  salt  is  in  excess,  and  the  acid  diluted,  the  chlo- 
xic  acid  is  deprived  of  a  part  of  its  oxygen  only — ^water  is  formed, 
vnd  the  chlorine  and  protoxide  of  chlorine  are  evolved  in  the  gaseous 
form.  In  the  case  of  sulphuric  acid,  when  it  decomposes  the  chlorate 
of  potassa,  the  chloric  acid  is  also  decomposed  into  peroxide  of  chlo^ 
rine  and  oxygen,  which  last  probably  attaches  itself  to  some  portion  of 

*  See  Ann.  de  Chlm.  et  de  Phys.  Tonw.  Till  «nd  IX. 

t  Ann.  de  Chim.  et  de  Phys.  Tom.  IX.  t  That  is,  as  Tar  u  «re  knoir. 

§  There  to  obviously  room  for  two  oxides  of  chlorine  between  the  protoxide  and 
the  peroxide,  and  they  would  contain,  the  one,  2  equivalents  of  oxygen  as  16,  and 
the  other,  3  SB  24. 
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the  acid  of  the  undccomposed  chlorate  of  potassa,  and  turns  it  into 
per-chloric  acid,  and  the  salt  in  which  it  is,  into  a  per-chlorate,  and 
thus  the  whole  product  is  bi-sulphate  and  per-chlorate  of  potassa,  and 
peroxide  of  chlorine.* 

CHLORATE  OF  SOOA. 

We  are  indebted  to  Mr.  Chenevix,  for  nearly  all  that  we  know  of 
this  salt.      , 

1.  Preparation. 

(a.)  Formed  in  precisely  the  same  manner  as  the  preceding  spe- 
cies ;  but  being  nearly  equally  soluble  with  common  salt,  which  is 
formed  in  the  same  process,  it  is  next  to  impossible  to  separate  them 
by  crystallization.  The  chlorate  is  soluble  in  alcohol,  but  so  also, 
according  to  Mr.  Chenevix,  is  the  muriate  of  soda,f  especially  when 
accompanied  by  the  chlorate.     With  abundant  materials  and  by  re- 

(seated  crystallizations  in  alcohol,  Mr.  Chenevix,  (1802,)  obtained  a 
Ittle  of  the  salt  pure. 

(6.)  The  inconveniences  are  avoided  by  saturating  the  pure  chlo- 
ric acid^  either  luith  soda  or  its  carbonate^  when  the  salt  is  at  once 
obtained  pure. 

2.  Properties. 

(a.)  It  crystallizes  in  cubes  or  in  obtuse  rhomboids;  taste  cold  and 
diiferent  from  that  of  common  salt. 

(5.)  Affected  by  heat^  by  combustibles  and  by  acids^  precisely  as 
the  former  species. 

Potassa  is  the  only  base  which  decomposes  this  salt. 

3.  Composition. — ^According  to  Mr.  Chenevix,  soda,  29.6,  chlo- 
ric acid,  66.2,  water,  4.2=100.0,  or  by  dieory,  soda  32,  and  chlo- 
ric acid  76=108. — Brande. 

These  numbers,  if  the  weight  of  the  water  is  added  to  the  acid, 
and  the  salt  considered  as  anhydrous, J  are  very  near  the  proportions 
of  Mr.  Chenevix. 

chlorate  of  ammonia. 

1.  Preparation. 

(a.)  It  is  impossible  to  form  this  salt  by  a  direct  combination  of 
its  principles  ;  for,  if  chlorine  gas  and  ammoniacal  gas  are  mingled 
in  a  glass  vessel,  tliere  is  a  double  decomposition  with  flame,  and  ni- 
trogen and  muriate  of  ammonia  are  obtained,  the  latter  in  snow  white 
clouds.  The  annexed  apparatus  shows  this  fact  well.  A,  is  ground 
to  fit  B ;  A  is  filled  with  chlorine  gas,  and 
B  with  the  gas  ammonia ;  put  Uiem  to-  > 
gether  and  turn  the  chlorine  uppermost ;  \ 
there  is  always  a  white  precipitate,  some- 
times with  flame. 

♦  Turner's  Chem.  2d  Ed.  p.  283. 

t  This  is  in  opposition  to  the  opinioo  of  mil  preceding  authors. 

t  Phil.  Trans.  1802. 
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(6.^  With  a  strong  aqueous  solution  of  (mmonia  and  ehlininei  there 
is  a  lively  effervescence;  the  products  are  the  same  as  before,  the  muri- 
ate of  ammonia  is  dissolved,  and  the  nitrogen  is  easily  collected  as  a 
gas-  This  is  well  performed  by  filling  a  long  tube  closed  at  one  end, 
half  full  of  a  strong  aqueous  soludon  of  chlorine,  then  adding  the  li- 
quid ammonia,  and  with  a  finger  on  the  mouth,  quickly  inverdng  the;, 
tube  in  a  cup  of  water,  when  the  nitrogen  rapidly  collects  at  the  top 
of  the  tube. 

(c.)  Jfto  a  pint  receiver  of  chlorine  gas,  we  add  half  a  drachm  of 
strong  solution  of  ammonioy  an  explosion  sometimes  follows ;  or, 
invert  a  4  oz.  botde  of  the  gas  in  4  oz.  measures  of  strong  h'quid  am- 
monia, and  there  results  an  absorption  with  white  fumes,  and  it  may 
be,  even  a  detonation. 

The  present  theoiy  of  these  experiments  is,  that  chlorine  unites 
with  the  hydrogen  of  the  ammonia,  and  forms  muriatic  acid,  while 
the  nitrogen  of  the  ammonia  is  liberated.  The  old  theory  was,  ttiat 
the  oxygen  of  the  oxy-muriatic  acid  formed  water  with  the  hydr(^en 
of  the  ammonia,  and  thus  liberated  both  muriatic  acid  and  nitrogen.* 

(rf.)  Since  the  discovery  of  chloric  acid^  it  has  become  easy  to  form 
this  salty  by  saturating  the  acid  vnth  ammonia  or  its  carbonate, 

(6.)  Or,  by  double  exchange,  by  mixing  a  chlorate  of  either  of 
the  earths  widi  carbonate  of  ammonia ;  the  earthy  carbonate  is  pre- 
cipitated and  the  chlorate  of  ammonia  remams  in  solution. 

2.  Properties. 

(a.)  Obtained  in  adcular  crystals^  which  are  very  soluble  in  water 
and  in  alcohol ;  decomposed  at  a  very  low  temperature^  and  gives  out 
a  large  quantity  of  aerial  matter,  with  a  smell  of  the  chloric  gases^ 

(&•)  Kery  volatile  ;  on  ignited  coals,  detonates  with  a  red  flame ; 
the  exact  propordon  of  its  principles  is  unknown. 

(c.)  It  is  said  to  be  a  sdf-detonaiing  salt  at  the  temperature  ofig-- 
nittouy  and  to  produce  energedc  effects  with  combusuble  substances. 

As  its  constitution  embraces  two  supporters  of  combustion,  and  one 
very  combusdble  element,  we  should  of  course  expect  that  it  would 
be  a  very  active  substance. 

3.  Composition. — ^By  theory,  ammonia  17,+  chtorie  acid  76^,-'— 
Brande. 

CHLORATE  OF  BARYTA. 

1.  Process. 

(«.)  Warm  aaueous  solution  of  pure  baryta^  in  Woutfe^s  bottles; 
saturate  with  chlorine  gas  ;  form  a  phosphate  of  silver  bv  mingling, 
to  mutual  saturation,  nitrate  of  silver  and  phosphate  of  soda ;  the 
phosphate  of  silver  is  precipitated ;  boil  this  with  the  chloric  solution 
of  baryta,  the  object  being  to  decompose  the  muriate  of  baryta  that 
is  formed  at  the  same  time  with  the  chlorate  of  that  earth ;  thus  mu- 


*  In  both  cases,  if  there  be  an  excess  of  ammonia,  the  muriate  of  that  alkali  will  be 
also  formed. 
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riate  of  silver  and  phosphate  of  baryta^  both  ins<^Ue,  are  precipi- 
tated, and  the  chlorate  of  baryta  is  left  in  solutioo.  If  the  moriate  of 
baryta  has  all  been  removed,  there  will  be  no  precipitate  when  bh 
trate  of  silver  is  added,  and  if  there  is  a  precipitate,  then  the  fluid  nmm, 
be  boiled  with  more  phosphate  of  silver ;  if  there  has  been  too  nnjcii 
phosphate  of  silver  added,  it  will  be  discovered  by  adding  a  few  drops 
of  muriatic  acid,  and  if  ascertained,  it  must  be  removed  by  adding 
more  of  the  original  filtered  chloric  solution,  reserved  for  the  purpose. 
— Henry. 

(b.)  Another  method  of  preparing  this  salt  is  recommended  by 
Mr.  Wheeler.*  Condense  fiua-sUieic  acid  gas  in  water;  tokh  tkiM^ 
in  slight  excess,  digest,  for  a  few  minutes,  chlorate  o^  potassa;  au 
insoluble  double  Jluate  of  silica  and  potassa  is  precipttatedj  and  the 
chloric  acid  remains  in  solution;  this  is  neutnuized  by  carbonate  of 
baryta,  which  also  throws  down  the  excess  of  fluoric  acid  and  silica, 
and  then  the  chlorate  of  baryta  is  obtained  by  evaporation  and  cryw- 
taUization, 

2,  Properties. 

(a.)  Crystals,  prisms  of  four  sides;  taste  pungent  and  austere  ; 
soluble  in  4  parts  of  water  at  50^. 

fbA  Neither  nitric  nor  muriatic  acid  troubles  the  pure  sohition. 
c.)  By  ignition  loses  .39  and  leaves  a  residuum,  doubtless  the 
earth  ba^ta. 

(d.)^  Composition,  by  calculation,  1  acid,  76  +  1  earth,  78=154  ; 
or,  acid  49.4+  earth  60.6=100.— flciiry. 

Vauquelin  recommended,  to  dissolve  the  phosphate  of  silver  in 
distilled  vinegar  and  boil  it  with  chloric  solution  of  baryta,  in  order 
to  purify  it  from  muriate  of  baryta,  but  the  process  appears  to  be  dan- 
gerous, as  be  met  with  a  severe  explosion  ;f  obviously  from  the  re- 
action of  the  chlorine  and  oxygen  upon  the  combustible  elements  of 
the  vinegar. 

CHLORATE  OF  STRONTIA. 

1 .  Preparation.— This  may  be  prepared  in  the  same  manner  as 
the  chlorate  of  baryta ;  perhaps  preferably  by  the  action  of  chloric 
acid  upon  strontia  or  its  carbonate. 

2.  Properties. — ^Taste  astringent;  deliquescent;  gives  a  fine 
purple  tint  to  burning  alcohol. 

3.  Composition. — By  theor)',  1  su-ontia,  52+1  acid,  76=128. 

chlorate  of  lime. 
JSeffuxrA;.— This  salt  is  often  confounded  witli  the  chloride  of  lime, 
used  in  bleaching ;  that  compound  wiU  be  described  under  the  chlo- 
rides and  muriates ;  at  present  we  advert  only  to  the  proper  chlorate. 

•  Turner's  Chemistry,  p.  482. 

\  Ann.  de  Chlm,  Vol.  XCl  or  XCY,  p.  82. 
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1.  Prcpakatioh. 

(a.)  By  vasnng  chlorine  gas,  to  saiurationy  through  lime  toater^ 
or  better  muk  pfUme^  in  Wovlfe^s  boitlei;  the  usual  mixture  of  chlo- 
rate and  muriate  results,  and  as  h  is  impossible  to  separate  them,  the 
muriate  of  time  b  decomposed,  by  boiling  with  phosphate  of  ^ver,  as 
already  described  with  respect  to  baryta. 

{b.)  Or^  It  is  easier  to  form  it  by  the  action  of  liquid  Moric  add 
upon  hydrate  or  carbonate  of  lime. 

2.  Pbop£rties. 

(a.)  Very  deliquescent;  readily  undergoes  the  watery  fusion. 
ib.)  Very  soluble  in  alcohol;  taste  sharp,  bitter  and  cold, 
(c.)  Composition,  according  to  Mr.  Chenerix,  chloric  acid  55.2, 
time  28.3,  water  16.5=:10O. 

(d.)  Decomposed  by  all  the  adds,  and,  with  the  strong  ones,  a  flash 
light  more  frequently  appears,  than  with  the  alkaline  chlorates. 

The  chlorates  of  magnesia,  alumina  and  the  other  earths,  are  tittle 
known,  and  probably  would  not  present  any  properties  different  from 
those  that  have  been  discovered  in  the  chlorates  already  described. 

MURIATES*   AKB    GHLORIDCS. 

Remarks. — The  muriates  were  omitted,  m  their  proper  place,  im- 
mediately after  muriatic  acid,  and  the  reason  has  been  abeady  assign- 
ed, namely,  that  it  Is  impossible,  without  a  knowledge  of  chlorine,  and 
its  relations,  to  understand  what  is  now  meant  by  muriates  and  how 
they  stand  related  to  the  chlorides. 

The  bodies  concerned  in  chloric  combinations,  are 

1 .  ChtorinCy  now  generally  admitted  as  elementary. 

2.  Oocides  of  chlorine,  two  ;  the  protoxide  and  the  peroxide,  com- 
posed of  chlorine  and  oxygen. 

3.  Chloric  and  ^er-chloric  acid;  composed  of  chlorine  and  oxygen. 

4.  Muriatic  acid;  composed  of  chlorine  and  hydrogen. 

5.  Muriates;  composed  of  miu*iatic  acid,  and  a  base,  which,  except 
in  the  case  of  ammonia,  is  an  oxide  of  a  metal. 

6.  Chlorides;  composed  of  chlorine  and  a  metal,  or  of  chlorine 
and  a  combustible. 

7.  Chlorates  ;  composed  of  chloric  acid  and,  (ammonia  excepted,) 
of  an  oxide  of  a  metal. 

8.  ^  muriate  is  changed  into  a  chloride  by  heat  or  by  crystallizes 
tion  ;  giving  up  hydrogen  from  the  muriatic  acid,  and  oxygen  from  the 
oxide,  to  form  water ;  and  leaving  the  chlorine  in  union  with  the  me* 
taltic  base.f 


*  Called  hydro-chlorates  by  those  who  call  the  muriatic  acid  the  hydro-chloric. 
T  This  statement  will  not  apply  to  the  chlorate  of  ammonia. 
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9.  Dry  muriates^  except  that  of  ammonia,  are  generally*  regarded 
as  chlorides. 

10.  Chlorine  unties  with  metals  and  combustibles;  generally  at 
common  temperatures,  and  often  with  spontaneous  combustion,  and 
forms  chlorides^  as  already  stated. 

11.  .4  chloride  of  a  metal  is  changed  into  a  muritUe^  generally  by 
the  decomposition  ^  water ^  the  hydrogen  of  which,  with  the  chlorine, 
forms  muriatic  acid,  and  the  oxygen  with  the  metal  forms  an  oxide, 
and  the  two  unite  to  fqrm  a  muriate. 

12.  Thus  J  dissolved  chlorides  of  the  metals  become  muriates^  by 
appropriating  the  elements  of  water.  A  chloride  of  a  combustible  by 
solution^  generally  forms  two  acids  ;  the  muriadc  and  another,  com- 
posed of  the  combustible  and  the  oxygen  of  the  water. 

13.  Chlorine  J  atignitionj  expels  oxygen  from  the  fixed  alkalies  j 
and  from  the  alkaline  earths^  and  takes  its  place  to  form  chlorides  ; 
it  acts  upon  most  of  the  other  metaUic  oxides  in  the  same  manner, 
and  sometimes  below  a  red  heat. 

14.  Chlorine  also  unites  with  some  of  the  oxides  uniforms  pecut-- 
iar  compounds^  to  which  no  distinct  name  has  been  given ;  they  might 
be  caUed  chlorides  of  oxides.  The  affinity  is  feeble,  and  remains 
active  only  at  low  temperatures,  being  always  destroyed  by  ignition. 

1 6.  Muriatic  add  gas  heated  with  certain  metals  forms  chlorides  ; 
the  hydrogen  being  expelled,  and  the  chlorine  uniting  with  the  metal. 

16.  The  chlorides  will  be  mentioned  again  in  connexion  with  the 
metals,  and  other  facts  respecdng  them  will  be  stated. 

In  the  above  statements  I  have  adopted  the  prevailing  theory,  al- 
though there  are  some  parts  of  it  which  may  demand  a  doubt :  I  al- 
lude particularly  to  the  changes  that  are  supposed  to  take  place  be- 
tween tlie  chlorides  and  the  muriates.  For  every  practical  purpose, 
the  dry  muriates  are  actually  treated  as  if  they  always  contained  muri- 
atic acid  and  the  oxide  of  a  metal,  instead  of  being  sometimes  compos- 
ed of  chlorine  and  a  metal.  I  shall  therefore,  suU  treat  them  as  muri- 
ates and  subjoin  to  each  a  notice  of  the  corresponding  chloride,  with 
the  relation  between  the  two,  and  an  account  of  their  supposed  trans- 
mutation. 

MURIATES. — Distinguishing  Characters. 

1.  Exist,  some  of  them,  both  in  the  solid  and  fluid  state,  some  in 
the  latter  state  only. 

2.  Strongly  contrasted  with  the  nitrates,  by  being  litde  affected  by 
common  combusdblesf  at  any  temperature. 

3.  The  sulphuric  acid  disengages  from  them,  muriatic  acid  with 
effervescence. 


*  The  exceptions  will  be  stated  in  Uicir  places.  f  Caibon  excepted. 

t  Potassium  would,  doubtless,  decompose  them  all. 
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4.  With  the  nitric  acid  they  afford  nitro-muriatic  acid,  (to  be  men- 
tioned soon.) 

5.  Soluble  in  water,  and  most  of  them  raise  its  boiling  point. 

6.  By  heat  they  melt  and  are  either  wholly  or  partially  volatilized ; 
generally  without  decomposition. 

7.  With  nitrate  of  silver  give  insoluble  muriate  (chloride)  of  silver. 

8.  The  first  known,  and  the  most  important  of  the  salts. 

MUAIATE  OF  POTASSA. 

1.  Name. — From  supposed  medicinal  virtues,  and  from  the  dis- 
coverer, formerly  called  febrifuge  or  digestive  salt  of  Sylvius^  and 
from  a  mistake  concerning  its  origin,  regenerated  sea  salt, 

2.  Preparation. 

(a.)  By  saturating  potassa  or  its  carbonate  with  muriatic  acid^ 
ana  evaporating  for  crystals. 

(6.)  rroduced  as  a  residuum  in  some  chemical  operations. 

3.  Properties. 
Usuattv  in  cubes  or  paraUehpipeds. 
Taste  bitter^  which  distinguishes  it  irom  common  salt.     Sp. 

gr.  1.836. 

(c.)  With  heaty  decrepitates j  melts  and  is  volatilized^  losing  only 
a  little  water. 

(d.)  Soluble  in  3  parts  of  water  at  60^,  and  in  2,  at  212^.  Crys- 
tals are  obtained  by  cooling ;  but  more  perfect  and  larger  by  spon- 
taneous evaporation. 

(e.)  Decomposed  by  the  sulphuric  acid,  giving  muriatic  acid  gas. 
Amone  the  alkalies  and  earths,  baryta  alone  decomposes  this  salt. 

4.  Composition. — It  is  agreed  by  all,  that  in  solution^  this  sub- 
stance  is  a  true  muriate.  In  that  view  it  is  considered  as  composed 
of  acid,  one  proportion  37,  -|-  potassa,  one,  48=85,  for  its  equiva- 
lent number ;  and  per  cent,  it  is  composed  of  acid  36.57,  +  potassa 
63.43=100,  a  result  very  near  that  obtained  many  years  ago,  by  Mr. 
Kirwan,  which  was  acid  36,  and  alkali  64. 

5.  Use. — In  the  crystallization  of  alumy  and  it  is  manufactured  for 
this  purpose,  from  the  waste  leys  of  the  soap  makers. 

It  exists  in  sea  and  mineral  waters — in  the  ashes  of  some  vegeta- 
bles, and  even  in  milk. — Fourcroy. 

chloride  of  potassium. 

1.  Preparation. 

(a.)  Potassium^  heated*  in  chlorine  gasy  bums  more  vividly  than 
in  oxygen^  and  chlorine  is  absorbed  in  the  proportion  of  l.l  cub.  in. 
for  1  gr.  of  the  metal,  and  forms  a  chloride. 

*  Authors  state  that  it  burns  spontaneously ;  perhaps  it  may,  in  thin  pieces  and  in 
warm  gas ;  but  I  have  seen  it  gradually  combine  with  the  chlorine,  without  com- 
bustion, eyen  when  heated. 


48  CHLORIDES. 

{i.)  Poiassium  heated  in  muriatic  addj^aSj  detacfae3  the  cUorioey 

liberates  hydrogen,  arid  forms  the  same  chloride. 

(c.)  The  muriate  of  potassa^  just  described,  w  mpposed^  during' 
its  aystallizaiion  from  its  watery  jsolution,  to  become  a  chloride^  by  a- 
spontaneous  and  unperceived  decomposition  of  both  its  acid  aad  al* 
IcEdi,  the  hydrogen  of  the  former,  and  the  oxygen  of  the  latter,  being 
at  the  moment  of  cijstallization,  detached  from  their  former  conoex:— 
ion,  and  united  to  form  water ;  which  is  added  to  that  of  the  solu— 
tioD,  while  the  chloride  is  precipitated  in  crystals. 

(d,)  The  same  thing  is  supposed  to  happen  when  the  aqueous  solu- 
tion of  the  muriate  is  evaporated  by  heat,  and  the  substance  obtain- 
ed quite  dry,  even  without  crystallization.  Mere  solution  of  the  crys- 
tab  or  of  die  uncrystallized  solid  substance  in  water,  as  is  supposed, 
converts  them  again  into  muriates^  by  a  decomposition  of  water,  which 
gives  its  oxygen  to  the  metal  to  form  the  alkali,  Toxide  of  potassium,) 
and  its  hydrogen  to  the  chlorine,  to  form  muriatic  acid. 

3.  Properties. — The  same  in  all  respects  as  those  of  the  dry 
mvriaie  already  described.  Indeed,  it  is  said  that  this  muriate  can- 
not exist  except  in  solution.  Sdll,  the  taste  of  the  solution  and  of  the 
crystal  is  the  same,  notwithstanding  the  wide  difference  in  their  con- 
sdtution.  Probably,  however,  as  the  substance  tasted  would  not  be 
sapid  without  moisture,  it  would  be  regarded,  not  as  chloride,  but  as 
a  muriate,  the  saliva  furnishing  the  elements  necessary  for  its  con- 
version. 

3.  Composition. — Sir  H.  Davy  considers  lliis  chloride  as  com- 
posed of  1  proportion  of  potassium^  40,  and  1  of  chlorine^  36  = 
76,  for  its  equivalent  number. 

This  would  give  its  composition,  per  cent,  as  53  potassium^  and 
47  chlorine,  nearly. 

CHLORIDE  OF  POTASSA— (ChloHde  of  oxide  of  potassium.) 

A  compound  of  chlorine  and  this  alkali,  is  supposed  to  be  obtain- 
ed when  chlorine  is  condensed  by  a  dilute  ana  cold  solution  of  po- 
tassa ;  the  alkaline  properties  are  neutralized,  but  it  cannot  be  ob- 
tamed  solid ;  for,  as  soon  as  it  is  concentrated,  it  is  in  part  decom- 
posed, to  form  chlorate  of  potassa  and  muriate  of  potassa ;  water  pro- 
bably affording  the  elements,  and  giving  hydrogen  to  part  of  the 
chlorine  to  form  muriatic  acid,  and  oxygen  to  another  part,  to  form 
chloric  acid. 

This  chloride  bleaches  as  readily  as  an  aqueous  solution  of  pure 
^lorine,  and  it  is  decomposed  by  animal  and  vegetable  coloring  mat- 
ters, also  by  acids,  even  the  carboiiic  in  the  atmosphere,  and  by  heat.* 


*  Ann-de  Chlm.  etde  Phys.  Tom.  XVII. 

I  have  ofteD  observed  Uiat  in  the  usual  process  for  chlorate  of  potassa,  die  fluid 
beooines  colored  like  chlorine,  when  saturation  takes  place  and  not  before  ;  it  then 
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MUBIATE    OF    SODA. 

I.  History  and  Name. — Knoum  from  iht  remotest  ogee;  ft- 
miEarly  called  salt.  This  word,  when  used  alone,  always  means 
muriate  ofeoda^  and  all  our  ideas  of  saline  bodies  have  been  derived 
from  this  species.* 

Often  namedj  cammony  table  and  culinary  sait,  and  when  dug  out 
of  the  earth,  mineral  and  rock  salt ;  sea  and  marine  sait^  when  ex- 
tracted from  the  ocean,  &c. 
2.  Preparation. 

By  saturating  soda^  or  its  carbonc^e^  with  muriaiie  add,  but  tUa 
is  never  done,  except  for  instruction,  and  in  analysis ;  as  inunense 
quantitjes  of  it  are  manufactured  from  natural  sources. 

The  salt  of  commerce  contams  the  muriates  of  lirae,  magnesia,f 
and  potassa,  and  sulphate  of  lime,  and  sulphate  of  magneaa.  Mu- 
riate of  barjrta  will  decompose  the  sulphates,  and  the  carbonate^  of 
soda  ibe  earthy  muriates.  The  precipitate  being  separated  by  a  filter, 
the  sah  cryst^Iizes  by  evaporation. 
3.  Properties. 

(a.)  The  common  and  primitive  form  is  a  cube  ;  the  cubes  some- 
times adhere  at  their  edees,  forming  a  hollow  pyramid,  or  hopper. 
{b.)  Taste,  that  whuA  toe  are  accustomed  to  call  purely  stUtne; 
but  our  impresaon  of  saline  taste  being  derived  from  thb  sah,  and 
being  the  resuhof  sensation,  is  of  course  incapable  of  being  defined  ; 
we  may  say,  negatively,  that  the  taste  is  not  acid,  alkaline,  sweet,  as- 
trin^nt  or  metafile. 

(c.)  By  a  red  heat,  it  decrepitates  ;  e.  g.  on  burning  coals,  or  a 
red  hot  iron.f 

(d.)  It  is  essentially  anhydrous ;  does  not  sufier  the  aqueous  fuson^ 
but  melts  at  ignition,  and  when  cold  congeals  into  a  firm  mass ;  by 

bleacbet  as  a  'watery  solution  of  chlorine  would  do,  bat,  if  authors  are  correct,  ther» 
is «\ao  bleaching  power  in  the  chloride  of  potassa,  which  is  In  solution,  and  the  chlo- 
rate, according  to  this  Tiew,  cannot  be  formed  until  the  fluid  is  sufficiently  coaeen- 
trated  to  produce  crystallization,  when  that  salt  and  the  common  muriate  are  priK 
doeed  by  the  decomposition  of  water,  dividing  its  elements  between  different  por* 
tioos  of  the  chlorine  which  become  respectively  chloric  and  muriatic  acids. 

*  Sdll  this  substance,  except  when  In  the  condition  of  brine,  is  now  remoFed  from 
the  class  of  salts,  and  placed  with  the  chlorides ;  according  to  received  opiniooSy 
the  parent  substance  from  which  all  our  first  notions  of  saline  properties  are  derived, 
is  not  itself  a  salt. 

t  Muriate  of  magnesia  is  abundant  in  the  bittern  of  many  of  the  American  salliM 
waters ;  I  have  found  it  in  several  specimens  from  Ohio;  Mr.  Chilton  discovered  mu* 
riste  of  lime  and  muriate  of  maenesia,  in  the  salt  water  of  Syracuse,  and  of  other 
places  in  the  state  of  N.  Y.  Sulphate  of  lime  forms  a  stony  cruat  on  the  evaporat* 
ioff  pans,  and  in  the  boilers  of  the  steam  engines  that  are  supplied  by  sea  water. 

1  Larce  firm  crystals  of  West  India  salt,  thrown  into  an  iron  pot  heated  to  full 
il^ition  by  a  forge,  explode  like  repeated  discharges  of  small  pistols ;  the  fragmMita 
At  all  around  a  large  room,  not  without  some  danger  to  the  eyes,  and  the  surfaces, 
where  they  split,  are  very  brilliant,  revealing  perfectly  the  structure  of  the  crystals. 
If  the  pot  is  oovered  with  an  iron  plate,  the  pigments  may  be  saved  for  use,  but  the 
report  is  not  so  loud. 

Vol.  11.  7 
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an  increased  heat,  it  is  volatalized  in  a  white  smoke,  which  condens- 
es in  the  cold.  It  loses  but  2  or  3  per  cent,  in  weight,  and  remains 
nearly  unaltered. 

(c.)  The,  air  does  not  change  this  salt  if  pure ;  but  the  salt  of 
commerce  is  usually  in  a  degree  deliquescent,  owing  to  the  muriates 
of  lime  and  magnesia. 

(f,)  Perhaps  this  is  the  only  dear  example  of  a  salt  equally  so- 
luble in  hot  and  in  cold  water.  Strictly,  it  is  soluble  at  60^  in  214- 
water,  and  at  212°,  in  2|f  ;  it  is  usually  stated  to  be  soluble  in  2J 
times  its  weight  of  water.  It  is  dissolved  more  rapidly  in  boiling 
water,  but  no  more  salt  will  be  taken  up  in  the  end. 

Therefore,  this  salt  cannot  be  crystallized  by  cooling  its  hot  solu- 
tions, but  only  by  evaporation,  either  slow,  as  by  solar  heat,  or  rapid, 
as  by  artificial  fire,  in  either  case  it  precipitates,  as  the  evaporation 
proceeds,  forming  with  solar  heat,  distinct  and  firm  crystals — ^with 
strong  artificial  heat,  a  confused  mass.  Where  both  are  conjoined, 
as  at  S3rracuse,  N.  Y.  the  crystals  are  regular,  but  small. 

{g.)  With  common  combustibles^  there  is  no  action  at  any  temper'- 
ature,  or  under  any  circumstances ;  only  potassium  decomposes  this 
substance,  and  liberates  half  its  weight  of  sodium.  In  this  respect, 
the  muriates  (chlorides,)  are  strongly  contrasted  with  the  nitrates, 
which  act  with  so  much  energy  on  combustibles ;  still  chlorine,  a  pow- 
erful supporter  of  combustion,  is  believed  to  exist  in  these  bodies ; 
but  it  seems  that  the  attraction  of  combustibles  is  not  sufiicient  to 
separate  it  from  the  metal.  In  the  arts,  salt  is  often  added  to  in- 
crease the  intensity  of  fire ;  it  appears  to  act  by  accumulctting  and 
transmitting  heat  to  the  combustible  bodies  in  contact  toith  tt.  It 
tinges  flame  of  a  yellowish  color ;  this  is  well  seen  by  burning  alcohol 
in  a  sponge,  with  or  without  salt  sprinkled  on  it ;  by  throwing  salt 
into  a  hot  furnace,  or  into  an  active  anthracite  fire,  die  flame  is  in- 
creased, probably  owing  to  the  extrication  of  sodium;  in  the  latter 
case,  it  is  tinged  blue. 

(A.)  The  decomposition  of  this  salt  by  sulphuric  acid,  to  obtain 
the  muriatic,  has  been  already  mentioned ;  it  is  decomposed  also  by 
nitric  add^  and  nitro-muriatic  acid  or  aqua  regia  is  formed.  The  bo- 
racic  and  the  phosphoric  acids  likewise  decompose  it  at  a  red  heat, 
provided  hydrogen  or  moisture  be  present,  although  they  do  not  at  all 
aflect  it  in  the  cold ;  this  is  owing  to  their  great  fixity  in  the  fire. 

(t.)  Among  the  alkalies  and  earths^  only  potassa  and  baryta  sepa- 
rate muriatic  add  from  soda^  and  thus  liberate  this  valuable  alkali.* 

*  It  is  ft  gre«t  deddenitum  in  the  arts,  to  find  an  easy  and  economical  method  of 
decomposing  the  muriate  of  soda/so  as  to  obtain  the  soda  in  a  disengaged  state.  The 
foUowIng  is  an  abstract  of  some  of  the  leading  processes. 

Decomposition  of  muriate  qf  soda  for  its  alkali. 

1.  By  iron ;  a  plate  of  iron  moistened  with  solution  of  salt  and  suspended,  gives 
an  efflorescence  of  carbonate  of  soda  and  drops  of  muriate  of  iron. 
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CHLORIDE  or  SODIUM. 
PuCPAJiATION. 

burmtig  sodium  in  chlorine  gas. 

heating  it  in  muriatic  acid  gas,  hydrc^en  being  eFolved. 
_  evpporating  and  crystallizing  the  solution  of  muriate  of 
soda,  or  evaporating  U  to  thorough  dryness,  without  crystallization. 

All  the  explanations  which  were  given  under  the  chloride  of  po- 
tassium being  strictly  applicable  here,  only  substituting  sodium  for  po- 
tassium. It  is  not  necessary  to  repeat  them. 

2.  I*itoPERTiEs. — Absolutely  the  same  that  have  just  been  describe 
ed  tinder  the  head  of  muriate  of  soda. 

If,  in  the  above  order,  I  have  violated  the  received  scientific  ar- 
rangement, it  is  a  sacrifice  to  convenience,  and  to  common  language 
and  common  experience. 

From  common  salt  we  easily  obtain  muriatic  acid  by  the  aid  of 
other  acids,  and  can  in  no  way  obtain  chlorine,  except  by  supply- 
ing oxygen  with  or  firom  the  acids ;  we  easily  extract  soda,  (oxide 
of  sodium,)  and  can  in  only  one  way*  procure  sodium.     The  solid 
chloride  can  in  no  way  be  proved  to  have  any  property  different  from 
a  fluid  muriate,  and  it  is  therefore  highly  convenient,  if  it  is  not 
equally  scientific,  to  call  it  a  muriate.f     Muriate  of  soda  is  now  sup- 
posed to  exist  only  as  a  fluid  ;  chloride  of  sodium  only  as  a  solid ; 
thus  they  are  believed  to  be  mutually  convertible  without  limit. 
CHLORIDE  OF  SODA,  (chloride  of  oxide  of  sodium.) 
When  chJorine  gas  is  passed  mto  a  dilute  solution  of  soda  or  of  its 
carbonate,  a  chloride  of  soda  is  formed,  and  all  the  circumstances  that 

i.  A  paste  of  qiUek  Ume  and  strong  brine,  gives  a  similar  eiBorescence,  by  dooble 
exchange;  the  lime  first  absorbing  carbonic  acid  from  the  air,  to  become  a  carbon- 
ate ;  but  as  the  muriate  of  potassa  is  not  decomposed  in  this  manner,  the  di/lereace 
is  attributed  to  the  efflorescence  of  the  carbonate  of  soda. 

3.  Carbonate  of  lime  and  brine,  (especially  if  straws  or  other  similar  tfatnn  are 
standing  in  the  mixture,)  give  carbonate  of  soda,  by  double  exchange,  as  in  tne  na- 
tron plains  of  Egypt. 

A.  Proposed  to  line  cellars,  &c  with  a  mortar  of  salt,  sand  and  lime ;  effiorascanee 
of  carbonate  of  soda  often  seen  on  walls  made  with  sea  sand. 
.  6.  By  oxide  of  lead,  10  parts,  salt  6,  in  solution ;  grind,  let  stand  24  hours;  the  al- 
kali is  washed  out  by  water,  and  the  muriate  converted  into  patent  yellow  by  heat 

S.  litfaar^  7  to  1  salt ;  the  decompositfton,  after  some  time  and  repeated  addl- 
tioos  of  water.  Is  complete. 

7.  By  potassa  or  its  carbonate ;  20  lbs.  salt,  80  quarts  water,  25  lbs.  purified  pot  or 
pearl  ashes ;  evaporate  till  3  or  4  pellicles  have  formed  and  been  broken ;  if  it  stands 
stSO^  It  throws  down  muriate  and  sulphate  of  potassa,  and  finally  carbonate  of  soda 
appeara.    For  other  and  numerous  particulars  see  Aikin's  Diet.  Vol.  II,  p.  129. 

8.  Common  salt  is  converted  into  Glauber's  or  the  sulphate,  and  the  muriatic  acid 
is  at  the  same  time,  saved ;  or  Glauber's  salt,  got  from  any  other  source,  may  bo 
used ;  1000  lbs.  Glauber's  salt,  600  lbs.  charcoal,  1000  lbs.  chalk  or  lime ;  heat  in  a 
furnace ;  carbonate  of  soda  effloresces  on  the  surface  of  the  mass,  and,  in  a  damp 
cellar,  it  falls  to  pieces,  or  the  carbonate  of  soda  is  extracted  by  soluUon.  This  la 
the  process  now  more  generally  followed  in  Great  Britain. 

*  A.nd  that  one  way,  by  potassium,  b  equally  consistent  with  the  supposition  that 
common  nit  is  a  muriate  or  a  chloride. 

t  It  would  be  difficult  to  persuade  a  jilain  man  that  the  brine  in  a  cask  waa  a  to- 
tally dlSarent  thing  from  the  salt  on  the  bottom. 
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were  mentioned  in  relation  to  the  chloride  of  potassa  are  applicable 
to  it ;  this  solution  is  used  in  bleaching  and  in  disinfecting. 

COMPOSITION    or   THE    MURIATE    AND    CHLORIDS. 

1.  Muriate  of  soda. 
According  to  Darcet,  contains,  in  100  grains, 

Berard,    -        -        -        -        - 
Marcet,         -        _        -        - 
Berzelius,  •        -        -        - 

Average, 
3.  Chloride  of  todium. 

FuMed  common  salt  is  stated  to  contain  sodium  1  proportion^  24+ 
1  of  chlorine  J  36=60,  for  the  equivalent  number,  and  the  proportion 
per  cent,  is  sodium  40.6  +  chlorine,  69.6=  100,  or,  accorcling  to  Dr. 
Wollaston,  sodium  39.64  and  chlorine  60.36=100,  and  upon  the 
supposidon  that  it  is  a  muriate  he  admits  the  proportions  of  Berzelius. 
— Henry. 

USES    OF    COMMON    SALT. 

(a.)  VnidersaUy  knovm  as  the  most  important  antiseptic  and  condi- 
mentf  and  one  of  the  first  necessaries  of  life. — ^In  curing  fish,  flesh, 
butter,  be.  its  utility  is  beyond  esdmation.  It  enables  the  most  per- 
ishable animal  substances  to  endure  the  heat  of  the  torrid  zone,  and 
to  remain  unchanged  for  many  years.     (See  the  note.  Vol.  I,  p.  473.) 

(6.)  Salt  is  an  important  article  of  the  Materia  Medica. — It  affords 
muriatic  acid,  and  the  residuum  of  the  manufacture  is  sulphate  of 
soda;  carbonate  of  soda  is  also  obtained  from  it.  Chlorine  and 
chloride  of  lime,  for  bleaching,  are  usually  made  by  means  of  this 
salt ;  it  is  employed  in  manufacturing  calomel,  and  in  various  pro- 
cesses m  pharmacy.     It  is  used  in  glazing  coarse  earthen  ware. 

j[c.)  Salt  is  necessary  to  the  health  of  most  animals. — On  tlie  sea 
coast,  the  animals  eidier  have  access  to  the  sea,  or  their  herbage  ia 
seasoned  by  the  spray,  which  the  winds  transport  even  a  good  way  into 
the  interior.*  It  is  dispensed  as  a  tonic  to  domestic,  and  as  a  bait  to 
wild  animals.  In  the  western  parts  of  the  United  States,  deer, 
bufialoes,  and  other  wild  beasts,  crowd  to  the  salt  licks,  as  the  sa- 
line springs  or  marshes  are  significantly  called.  The  remains  of 
the  mastodon  have  been  found  in  the  salines,  where  it  is  presumed 
the  animal  had  mired. 

Carnivorous  animals  appear  to  be  exempt  from  the  necessity  of  using 
salt ;  the  reason  probably  is,  that  the  alimentary  canal  is  short,  and 
that  their  digesdon  is  rapid ;  salt  is  said  to  be  even  injurious  to  them.f 


*Dr.  Robinson  says,  that  *'  at  Glasgow,  which  is  nM>re  than  twenty  miles  from  the 
0ea  coast,  after  a  strong  gale  from  the  west,  the  hedges  in  winter  are  very  salt  to  the 
taste.**  He  adds,  "one  would  imagine  that  the  twigs  had  been  dipped  in  salt  wa- 
ter :  one  v^ry  dry  spring  1  found  it  crystallized  like  hoar  frost.'*  (Black*s  Lee.  1. 
p.  466.)  i  Vid.  Black.  I.  466. 
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ITS  NATUBAL  HISTOKI. 

The  particidnr  description  of  this  salt,  as  a  nttural  productioD,  be* 
kmgsiD  mineralo^;  but  a  few  facts  may  be  briefly  mentioned  here. 

1.  Ltthe  solid  form^  it  exists  in  strau  of  inmiense  thickness  and 
extent,  and  is  wrought  by  regular  mining.  Mines  of  salt  are  ibaad 
in  Poland,  in  En^nd,  and  Russia,  in  the  Upper  Hungary,  in  Ger- 
many, Calabria,  Transyl?aiiia,  Spain,  especially  in  Catalonia,  m 
Italy  aad  other  parts  of  Europe,  in  the  East  Indies,  kc.  Mineral  or 
rock  salt  is  a  firm  substance,  often  crystallized  in  cubes  or  parallek>- 
fifeda ;  and  when  transluceat  and  brilliant,  t^  has  been  aUUd  tal 
Mm/  it  is  frequently  brown,  red,  grey  or  yellow,  being  colored  by 
Kireign  bocbes,  especially  iron ;  it  has  sometimes  a  fibrous  structure.* 

Sometimes  salt  (otms  hiUs,  and  even  small  mountains.  There  are 
two  near  Astracfaan.  At  Cordova,  in  Catalonia,  there  is  a  hill  of  sak 
five  hundred  feet  high,  and  more  than  a  league  m  circumference  3 
there  are  a  number  in  the  kingdoms  of  Tunis  and  Algiers,  in  Afirica, 
and  several  in  Asia.f 

2.  Salt  in  solution. — ^Every  one  knows  that  this  sah  is  ibund  in  the 
ocean,  and  in  lakes  and  springs :  the  latter  are  numerous  and  rich  in 
ibe  American  States,  in  England,  Grermany,  and  in  many  other  eouor 
tries*  The  waters  of  the  Dead  Sea  are  a  saturated  solution):  of  va- 
rious salts ;  and  the  saline  springs  at  Northwich,  and  at  Barton,  in 
England,  are  also  saturated*  The  ocean  contains  about  3  per  cent, 
on  an  average,  but  it  varies  in  different  parts,  being  of  course  strong*' 
eat  under  the  equittor. 

3.  jB!cpiraction*'-r^It  is  foreign  to  the  purpose  of  this  work  to  en« 
ter  into  the  details  of  manufacturing  salt.  It  is  sufficient  to  observe^ 
that  it  is  procured  by  evaporation,  either  natural  or  artificial,  and 
that  the  salt  deposited  by  natural  evaporation  is  much  purer  than 
that  obtained  by  artificial  beat.  The  reason  is,  that  by  a  rapid 
evaporation,  the  deliquescent  and  bitter  salts  of  lime  and  magnesia 
are  precipitated  along  with  the  sea  salt,  while  by  natural  evaporation, 
they  remain  prbcipally  in  solution,  forming  what  is  called  the  bit- 
tern or  mother  water,  and  which  is  rejected  or  reserved  for  other 
purposes.  The  salt  made  in  Scodand  m  this  manner  is  so  impure, 
that  it  is  not  fit  to  preserve  beef,  fish,  or  butter ;  and  the  salt  depos- 

*The  most  remarkable  mines  of  salt  in  the  world  are  those  of  Poland  and  Hunga- 
ry. (Phil.  Trans.  I<io  61  and  413.)  That  at  Wiliczka,  near  Cracow  in  Poland,  is 
flopposed  to  contain  salt  enough  to  supply  the  whole  world  for  many  centuries,  al- 
though it  has  already  been  worked  for  6  or  7  hundred  years.  (See  Coxe's  Travels.) 
These  subterranean  regions  are  excavated  into  bouses,  chapels,  and  other  ornamental 
forms,  the  roof  being  supported  by  decorated  pillars  of  salt.  When  illuminated  by 
lamps  and  candles,  the  seeiM  Is  one  of  imposing  splendor. 

t  On  or  near  the  coast  of  Peru,  salt  forms  on  the  surface  of  the  earth  in  vast  glades, 
looking  like  ice,  and  when  removed  it  forms  again.  A  fine  specimen  is  in  the  cab- 
inet of  Yale  College,  from  Com.  Hull,  U.  S.  N. 

1 44  per  cent. ;  but  more  than  38  per  cent,  is  muriate  of  lime  and  magnesia :  a 
saturated  solution  of  common  salt  contaiot  2$  per  cent. 


54 


MURIATE  OF  AMMONIA. 


ited  in  that  couDtiy  on  Sunday,  when  the  workmen  are  not  allow- 
ed to  add  fuel,  and  the  brine  remains  all  day  over  a  slow  fire, 
is  more  agreeable  to  the  taste,  the  crystals  are  lai^er,  and  the  sak 
sells  for  a  higher  price  in  the  market,  where  it  is  known  by  the  name 
of  Sunday  salt.*  ~ 

The  same  fact  is  observed  at  Northwich  in  England,  where  the 
Sunday  salt,  evaporated  over  a  fire  so  moderate,  that  the  hand  may 
be  held  in  the  solution,  is  much  whiter,  and  the  crystals  are  larger 
than  ordinary  ;  it  is  called  shivery  salt.j^ 

In  Russia,  they  concentrate  the  brine  by  freezing  and  removing  the 
ice,  which  is  iresh,  and  thus,  by  a  process  exacdy  opposite  to  tint  of 
evaporation,  the  solution  grows  stronger ;  but  at  a  very  low  tempera- 
ture the  muriate  of  soda  and  the  sulphate  of  magnesia  (which  is  al- 
ways present  in  sea  water)  exchange  principles,  producing  muriate  of 
magnesia  and  sulphate  of  soda ;  and  when  the  temperature  rises, 
they  do  not  again  return  to  their  former  state. 

MURIATE    or   AMMONIA. 

1.  Name  anb  Histobt. 

Called  in  the  shops  sal  ammanittc,  from  a  sandy  district  in  Lybia,} 
whence,  through  Egypt,  Europe  was  supplied  with  it,  till  about 
A.  D.  1750,  when,  its  nature  having  been  discovered,  manufactories 
were  established  in  different  countries  of  Europe. 

It  is  called  hydro-chlorate  of  ammonia,  by  those  who  call  the  mu- 
riatic acid  the  hydro-chloric. 

2.  Preparation. — By  mingling,  in  equal  volu$iie$,  in  a  glau 
vessel,  the  two  constituent  gases,  ammonia  and  muriatic  acid,  whoi 
the  salt  is  precipitated  in  snow  white  clouds,  and  with  considerable 
heat.     This  may  be  done — 

(aJ\  By  mini^ling  the  gases  in  a  jar  over  mercury. 
{h.)  By  passmg  them  from  flasks  with  bent  tubes,  into  a  dry 
empty  botde. 


{c.)  Or,  from  retorts,  into  a  globe  with  three  orifices,  as  represent- 
ed m  the  figures,  Vol.  I,  p.  386,  which  are  here  again  inserted. 

A,  contains  sulphuric  acid  and  salt. 

B,  lime  dry  slacked,  and  dry  muriate  of  ammonia ;  and 

C,  receives  the  gases  to  form  the  new  salt. 


•  Black.  I,  461.  t  Watson's  Essays,  YoL  II,  p.  92. 

X  See  note,  Vol.  I,  p.  281. 
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B  will  need  a  little  heat,  and  A  should  not  be  more  than  i  filled 
with  the  solid  materials. 

3.  Properties. 

(a.'i  Sp.  gr.  1.42. — Taste^  sharp  and  bitter  ;  inodorous. 

(6.)  By  heat ;  it  rises  in  sublimation^  vnthout  previous  fusion  ;  its 
fomes  exhaling  a  peculiar  odor.  It  is  not  decomposed  by  passmg 
through  ignited  glass  or  porcelain  tubes,  unless  metals  are  present, 
when  it  is  resolved  into  its  gaseous  elements. 

(c.)  Soluble  at  60^,  in  about  3^  parts  of  loater^  and  generates 
20^  or  30^  of  cold  ;  soluble  in  about  its  own  weight  of  boiling  water, 
and  obtained  by  evaporation  in  long  pyramidal  crystals ;  primitive 
ibrm,  the  octahedron ;  integrant  particle  supposed  to  be  the  tetrahe- 
dron. Its  crystallization  is  seen  beaudfully  under  the  solar  micros- 
cope, shooting  m  plumose  radiadons,  each  filament  being  a  long 
hexahedral  pyramid. 

{d.)  hi  the  air  the  cakes  are  little  alteredj  but  the  crystals  are 
slighdy  deliquescent.  If  0M>istened  and  laid  on  litmus  paper,  it  red- 
dens it  in  a  few  minutes. 

(«.)  The  acids. — ^Decomposed  by  the  sulphuric  acid,  muriatic  acid 
gas  being  disengaged,  and  sulphate  of  ammonia  formed.  Nitric  acid 
forms  with  it,  nitro-muriatic  acid,  and  nitrate  of  ammonia. 

(/.)  AU  the  alkaline  earihsy  and  fixed  alkalies  decompose  this  saltj 
especially  frith  heat,  formmg  a  muriate  of  the  base,  and  liberating 
ammonia,  with  its  peculiar  pungent  odor.  With  the  carbonates  of 
these  substances,  we  obtain  carbonate  of  ammonia.  By  igoiuon, 
magnesia  also  disengages  all  the  anmionia ;  but  in  the  cold  it  de- 
composes it  only  in  part,  and  forms  a  muriate  of  magnesia  and  an>- 
monia,  for  a  detailed  account  of  whose  properties,  see  Four.  Syst. 
Vol.  Ill,  p.  288. 

We  have  already  seen,  that  when  we  decompose  muriate  of  am- 
monia for  its  alkali,  we  always  employ  lime  to  attract  its  acid  ;  potassa 
and  soda  will  do  it  equally  well,  hut  they  are  dearer. 

ig.)  When  muriate  of  ammonia  is  dropped  into  melted  nitre^  or 
the  mingled  salts  are  thrown  into  a  red  hot  crucible,  there  is  a  defia" 
graiion^  arising  from  the  reaction  of  the  oxygen  of  the  nitric  acid  up- 
on the  hydrogen  of  the  ammonia.  Doubdess,  a  similar  e&ct  would 
be  produced  by  the  chlorate  of  potassa. 

4.  Composition. — ^AIl  the  old  analyses  of  this  salt  presented  water 
as  one  of  its  constituents,  but  this  is  now  considered  by  most  chem- 
ists, as  adventitious,  although  it  b  invariably  present  in  the  sal-ammo- 
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niac  of  commerce  ;*  according  to  Berzelios,  in  the  proportian  of  10 

per  cent. 

If  the  salt  is  regarded  as  anhydrous,  it  is  very  easy  to  calcnhte  its 
composition,  because  it  is  formed  of  equal  volumes  of  the  two  gases, 
and  as  100  cub.  inches  of  muriatic  acid  gas  weigh  39.18  grs.  and  an 
equal  volume  of  ammonia  18.18  grs.  it  follows,  that  muriate  of  am- 
monia is  composed  of 


Acid,    68.519,  )  _  O  propor.  of  acid, 


1,5     ii 
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Alkali,  31.481,  )  "^  (  1      "       of  ammonia,  17  giving 


100.  54ibrit8eqonraIaBl 

number. — Henry. 
6.  Uses. 

ia.)  In  tinning  iron  and  copper  ;  these  metals  are  nibbed  over 
1  it,  or  dipped  into  its  solution  in  order  to  prevent  the  oxidation  of 
the  metal,  and  in  soldering  metalt  it  answers  a  similar  purpose. 

fb.)  In  dyeingj  to  fix,  brighten  and  modify  the  cobrs. 
c.)  In  medicine^  as  a  diaphoretic,  diuretic,  discutient,  and  re- 
frigerant. 

(J.)  In  chemistry^  to  aflbrd  pure  and  carbonated  ammonia— to 
produce  cold,  and  to  excite  galvanism. 

fe.)  In  some  metallurgic  and  pharmaceutical  operations. 
/.)  Added  to  snuff,  to  give  it  pungency .^Gfray. 

6.  Origin  and  manufacture. 

(a.)  Found  in  small  quantity,  occasionally  sublimed,  m  volcanic 
countries,  as  at  Solfaterra,  in  the  caverns  and  crevices ;  or  adhering 
in  tufts  to  volcanic  stones. 

(i.)  Dissolved  in  small  quantities  in  the  waters  of  the  Tuscan 
lakes,  and  in  sea  water  ;  it  may  be  sublimed  from  the  bittem.f 

(e.)  In  the  clefts  of  the  ground  or  of  rocks  in  the  vicinity  of  coal 
mines  that  have  been  long  burning,  j; 

{d,)  In  some  vegetable  juices,  and  in  animal  substances,  especial- 
ly after  putrefaction.^ 

^e.)  In  Egypt^  it  u  made  from  the  dried  excrementt  of  ruminating 
animals,  vmehfonn  their  principal  frid. — ^The  animals  feed  largely  on 
saline  plants,  and  probably  thus  obtain  the  muriadc  acid  to  form  the  salt 


*  Much  importance  wm  attached  by  the  late  Dr.  Murray  of  Edinburgh,  to  the  ex* 
isteoce  of  water  in  muriate  of  ammonia,  formed  from  the  dry  gases,  because  it  went 
to  prove  the  existence  of  water  in  muriatic  acid,  a  fact  of  great  interest  in  the  dis- 
cussion respecting  the  nature  of  chlorine.  See  the  appendix  to  Murray's  Elements  of 
Chemistry,  edited  by  his  son,  Edinb.  1828,  which  exhibits  a  luminous  and  interest- 
view  of  this  controversy. 

Marcet,  in  Phil.  Trans.  1822,  p.  464.  X  Black,  1, 499. 

§  Four.  Ill,  274. 
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with  the  ammonia  of  the  animal  matters.  The  ashes  or  soot  of  this 
fuel,  placed  in  glass  vessels,  18  or  19  inches  in  diameter,  is  heated  with- 
out addition ;  tibe  salt  begins  to  sublime  on  the  second  day,  and  on  the 
third,  is  found  adhering  to  the  roof  of  the  glass  vessel  which  is^^roken 
to  extract  it.     Five  pounds  of  soot  yield  one  of  die  sale 

(/.)  The  soot  of  pit  coal  eontaining  sulphate  of  annmonia^  is  liadr 
viatea;  to  decompose  it,  lime  is  added,  and  a  weak  but  tolerably  pure 
liquid  ammonia  is  obtained  by  distiUation.  Sulphate  of  ammonia  b^g 
again  formed  by  adding  the  sulphuric  acid,  is  sublimed  in  ^ass  ves- 
sels, in  mixture  with  muriate  ol  soda,  and  by  double  decomposition, 
we  obtain  muriate  of  ammonia  above,  and  sulphate  of  soda  below. 

(g.)  In  the  distillation  of  mineral  coidfor  gas  lights,  an  ammonia 
acM  liquid  is  obtained,  which  is  turned  mto  sulphate  of  ammonia 
and  then,  as  above,  into  muriate.  The  salt  is  manufactured,  in  this 
mode,  in  England.  On  the  continent,  they  follow  processes  some- 
what different. 

Jh.)  A  carbonate  of  ammonia  is  formed  by  the  distillation  of  ani- 
substances. — With  this  they  combine  the  muriatic  acid. 

1.  By  miocing  with  the  ammoniacal  liquid,  the  muriate  cf  Umt, 
which  remains  in  the  mother  water  of  the  salt  pits,  and  after  evapora- 
ting to  dryness,  they  sublime  the  muriate  of  ammonia  in  glass  vessels. 

2.  In  a  capacious  leaden  receiver,  or  in  leaden  chambers,  ihqf  eom^ 
hine  the  muriatic  add  gas,  disengaged  by  the  sulphuric  acid  from 
muriate  of  soda,  with  i£t  ammonia,  obtained  from  the  distillation  of 
animal  substances.* 

3.  df  sulphate  of  ammonia  is  formed,  by  mixing  the  liquid  carbo- 
nate of  ammonia  just  mentioned,  with  sulphate  4f  lime,  and  the  alka- 
Ime  sulphate,  after  being  obtained  concrete  by  evaporation,  is  heated 
in  proper  vessels  with  the  muriate  of  soda. 

The  impure  salt  obtained  in  all  these  ways,  answers  for  some  pur- 
poses in  the  arts,  but  for  greater  purity,  it  must  be  sublimed  again»  or 
obtained  in  crystals  by  solution. 

muriate  of  baryta. 

1.  Preparation. 

(a.)  Carbonate  of  baryta  decomposed  by  muriatic  acid,  diluted  with 
3  parts  of  water,  is  evaporated  till  the  solution  wUl  crystallize. 

(b.)  As  the  carbonate  of  baryta  is  rare,  and  the  sulphate  abundant, 
the  muriate  is  generally  prepared  from  the  sulphate,  previously  de- 
composed  by  ignition  with  carbon,  as  aheady  stated  under  the  carbo- 
nate of  baryta.  The  warm  solution  of  the  hydro-sulphuret,  thus  ob- 
tained, is  decomposed  by  muriadc  acid  and  die  solution,  by  evap- 
oration, aflbrds  crystals. 

*  See  Grey's  Operative  ebemist 
Vol.  U.  8 
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(c.)  Or,  it  is  a  neater  method  to  deeampo$e  the  kifdro-iulphtirei  bf/ 
a  caroanate  of  an  alkali,  and  then  to  decompose  the  washed  carbanaie 
by  muriatic  acid.  If  the  crystals  contain  iron ;  calcbation,  by  oxygen- 
ating the  iron,  will  render  it  insoluble,  and  the  pure  muriate  may  be 
agam  dissolved  m  water,  and  then  evaporated  and  crystallized  anew. 
Or,  the  iron  and  even  the  lead  which  is  occasionally  dissolved,  may  be 
precipitated  by  ammonia,  or  by  boiling  and  agitatmg  with  lime,  or 
better  by  barylic  water. 

2.  Properties. 

(a.)  The  primiiiveform  of  the  crystals  is  a  reetangtdar  prism  with 
square  bases ;  most  usuaUy  crystallized  in  tables,  but  sometimes  in 
the  form  of  two  eight  sided  pyramids,  applied  base  to  base. 

(b.)  Sp.  gr.  2.82.  SoMle  in  2i  or  3  parts  of  water,  at  60^,  and 
still  more  so  in  boiling  water.  It  is  also  soluble  in  diluted,  but  not  in 
pure  alcohol. 

(c)  Taste  acrid  and  pungent,  and  sub-metallic. 

\^d.)  Air  has  no  effect  upon  it. 

{(l)  By  heat,  decrepitates  and  falls  to  powder  ;  with  a  high  heat, 
it  melts,  but  no  heat  decomposes  it. 

{f)  Among  adds,  the  nitric,  fluoric  and  sulphuric  alone  decom- 
pose itns  salt. 

(jgi)  It  is  the  best  test  of  the  sulphuric  acid  in  solution,  for  there 
is  a  very  visible  precipitate,  when  the  acid  amounts  only  to  ^^Vt*  >^ 
a.  slight  cloud  appears  m  a  few  minutes,  when  the  propordon  is  only 
w»      ♦ 

TTrXT* 

It  also  decomposes  aU  the  soluble  sulphates,  and  thus  detects  the 
combined  sulphuric  acid,  in  an  immense  volume  of  water.f — Four. 
ni,  236. 

(A.)  A*o  base  decomposes  this  salt,  but  the  alkaline  bases  when 
united  even  with  weak  acids,  effect  its  decomposition  by  double  ex- 
change. On  the  other  hand,  barjrta  decomposes  all  the  salts,  and 
were  it  cheap  and  abundant,  it  would  be  of  great  use  in  the  arts. 

3.  Uses. 
for  sulphuric  add* 

,  particularly  in  cases  of  scrofula — tumors,  worms, 
and  cutaneous  affections ;  but  the  faculty  are  divided  in  opinion  re- 
specting its  utility.  As  it  is  a  poison  to  warm  blooded  animals,  the 
solution  of  1  part  of  the  crystals  in  three  of  distilled  water,  is  cau- 
tiously given,  in  doses  of  from  5  to  10  drops — ^twice  or  thrice  in  one 
day,  but  the  dose  must  be  diminished  when  it  produces  nausea  and 


*  Bergman,  I,  100. 

t  In  a  very  concentrated  solution  of  this  sa1t»  the  nitric  acid  alto  forma  a  pieeipi- 
tate,  because  the  nitrate  is  one  half  leas  soluble  than  the  muriate. — Id, 
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giddiness.     Mr.  Watt  poisoned  dogs  with  half  a  drachm.     It  has 
been  used  in  veterinary  practice,  but  with  doubtful  advantage. 

chloride  of  barium. 

1.  Process. 

(a.)  By  heating  pure  baryta  to  ignition  in  chlorine  f  cu,  which  ex- 
pels half  Its  volume  of  oxygen  gas,  and  takes  its  ^ace  to  form  a 
chloride ;  or  by  the  old  theory,  oxy-muriatic  acid  is  decomposed ;  its 
oxygen  is  evolved,  and  its  muriatic  acid  combmes  with  the  baryta  to 
form  a  dry  muriate. 

(b.)  By  heating  baryta  in  muriatic  acid  gas,  the  gas  is  decomposed 
ana  the  resulting  chloride  becomes  ignited. 

(c.)  By  igniting  the  crystals  of  the  muriatey  the  hydrogen  of  the 
muriatic  acid  unites  with  the  oxygen  of  the  baryta,  (oxide  of  barium) 
to  form  water,  which  is  expelled  in  vapor,  and  die  chlorine  unites 
with  the  barium  to  form  chloride  of  that  metal.  By  the  old  theory, 
the  water  would  be  derived  from  the  muriadc  acid  gas,  and  the  re- 
sulting compound  would  be  a  dry  muriate.  A  similar  explanation 
would  be  given  under  (&.) 

(d.)  This  substance  is  supposed  to  exist  always  in  the  state  ofmur 
riate^  not  only  when  in  solution,  but  also  when  crystallized  ;  and  its 
crystallization,  from  the  state  of  aqueous  solution,  is  not  supposed  to 
convert  it  into  a  chloride,  as  in  the  cases  of  potassa  and  soda,  although 
no  reason  appears  for  the  excepdon  which  is  admitted  in  this  and  in 
several  other  cases.* 

2.  The  properties  of  the  chloride  of  barium  appear  to  be  the 
same  with  those  of  the  muriate,  and  by  soludon,  the  chloride  is  be- 
lieved to  pass  instandy  into  the  state  of  a  true  muriate,  so  that  the 
chloride,  it  is  supposed,  cannot  exist  in  soludon,  but  the  muriate  may 
be  in  both  forms. 

3.  Composition. — The  chloride  consists  of  chlorine  34,  and  6a» 
rium  66=100,  or,  of  1  propordon  of  chlorine  36,  -f  one  of  barium, 
70=106,  its  equivalent  number. 

(a.)  T%e  muriatCj  formed  by  dissolving  the  chloride,  is  supposed  to 
decompose  1  equivalent  of  water  for  eadi  equivalent  of  chloride,  and 
thus  36+1=37  muriatic  acid,  and  70+8=78  baryta,  =115  the 
equivalent  of  the  muriate,  supposing  it  to  be  anhydrous ;  and  per  cent, 
the  propordons  will  be  32.17  acid,  +  67.83  base,  =100.  But 
by  ignition,  the  crystals  lq;se,  in  weight,  18  out  of  124,  of  which,  as  it 
passes  to  the  condidon  of  chloride,  the  hydrogen  of  the  acid  is 
1,  and  the  oxygen  of  the  barjrta  is  8=9,  which  leaves  9=1  propor- 
don of  water  in  the  crystals ;  this  gives  the  composidon  of  the  ciy»- 
tallized  jnuriate  as  folk>ws ; 

*  Unlen  it  h%  from  Uie  water  of  crystallization. 
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CHLOBIOE    or   MAGNESIA.    ' 

1.  Preparation. 

fa,)  By  saturating  with  chlorine  gas^  magnesia  suspended  in  water. 
b.)  By  double  exchange  bettoeen  cUortae  of  lime  and  sulphate  of 
magnesia^  forming  sulphate  of  lime  and  chloride  of  magnesia. 

It  is  used  in  bleaching  and  in  calico  printing,  but  has  not  been  ex- 
amined with  precision. 

The  chloride  of  magnesium  can  be  formed  by  heating  magnesia 
in  chlorine  gas ;  it  is  however  scarcely  known  ;  it  cannot  be  produced 
by  igniting  the  muriate,  as  the  latter  is  decomposed  by  heat. 

PROCESS   FOR   OBTAINING    MAGNESIA. 

The  muriate  of  magnesia  in  the  bittern  waters,  may  be  easily  dis- 
tinguished from  the  muriate  of  lime.  Sulphuric  acid  which  disengages 
muriatic  acid  gas  with  effervescence  from  both,  forms  no  precifMtate 
with  magnesia,  because  the  sulphate  of  that  earth  is  very  soluble ;  but 
it  precipitates  the  lime  from  muriate  of  lime,  forming  with  it  sulphate 
of  lime  ;  or,  both  earths  may  be  precipitated  from  the  bittern  by  car- 
bonate of  soda  or  ammonia,  heating  the  liquor  to  insure  the  entire 
precipitation,  and  then  sulphuric  acid  will  form  with  the  magnesia,  a 
yery  soluble,  and  with  the  lime,  a  nearly  insoluble  sulphate,  most  of 
which  will  remain  as  a  white  precipitate. 

To  procure  mi^nesia  in  the  arts,  the  bittern  of  sea  water  is  decamr 
oosed^  bv  a  crude  eationate  of  ammonia,  obtained  from  the  distil- 
lation oi  bones  in  iron  cylinders.  Carbonate  of  magnesia  is  pre- 
cipitated, and  the  muriate  of  ammonia,  after  being  evaporated  to 
dryness,  is  turned  again  into  carbonate  by  being  subluned  with  chalk, 
and  with  this,  more  bittern  is  decomposed,  and  so  on  without  limit, 
giving  a  useful  and  cheap  process. 

The  bittern*  is  also  poured  upon  magnesian  limestone,  and  its  acid, 
dissolving  the  lime,  liberates  both  its  own  magnesia  and  that  of  the 
limestone :  if  sulphuric  acid  is  added,  it  turns  it  into  sulphate  of 
magnesia.  Carbonate  of  potassa  is  sometimes  employed  to  decom- 
pose the  muriate  of  magnesia. 

MURIATE  OF  LIME. 

Remarks, — ^Muriate  of  lime  exists  in  the  mother  water  of  salt- 
petre ;  in  many  mineral  springs,f  and  in  wells,  particularly,  as  is  said, 
m  those  of  the  city  of  Paris. 


*  As  much  mignesiftn  limeitone  is  mixed  with  the  bittern  as  correspoikb  to  an 
equal  weight  of  solid  matter  found  by  evaporation  to  be  contained  in  the  bittern, 
t  Constituting,  according  to  Dr.  Murray,  their  most  common  and  active  ingredient. 
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1.  PRBPiJULTION. 

(a.^  Obtained  cheapest^  by  the  decompaaition  of  sal  annmmiac  by 
Ume^  in  the  manufacture  of  ammonia. 

(&.)  Bv  dissolving  lime  or  carbonate  oflime^  to  aaiuratiany  in  mu- 
riatic acidf  and  evaporatingtbe  solution  to  the  consistence  of  a  syrup, 
when  it  will  crystallize.*  But,  if  it  retains  its  water  of  crystallization 
and  is  perfectly  dry,  it  is  then  most  effectual  in  generating  cold,  and 
it  will  serve  as  often  as  it  is  crystallized  anew. 

By  means  of  this  salt  and  snow^  qutc/cstiver  is  easily  frozen, 

2.  Properties. 
Taste  bitter;  sp.gr.  1.76. 
The  crystals^  are  sic  sided  striated  prisms,  terminated  by 

acute  pyramids ;  sometimes  acicular. 

(c.)  By  heat,  melts,  dries,  loses  a  little  add  and  its  water  of  crys- 
talhzation  and  becomes  a  sub-muriate.  In  this  state  it  is  pho»- 
phcMrescent,  and  was  called  the  phosphorus  of  Homberg,  after  the 
discoverer  of  this  property. 

(d.)  Very  deliquescent,  speedily  becoming  fluid  in  the  air,  and  is 
therefore  kept  in  close  vessels.}  On  account  of  its  strong  attraction 
for  water,  it  is  employed  to  dry  the  gases  and  to  generate  cold,  by 
mixture  with  snow.§ 

(e.)  Soluble  in  half  its  weight  of  cold  water,  and  in  still  less  if 
bouing.  When  of  the  sp.  gr.  1.45  at  80°  Fahr.,  the  solution  crys- 
tallizes at  029,  and  is  fit  for  experiments  at  that  temperature,  but  if 
to  be  used  at  any  temperature,  the  sp.  gr.  should  be  as  high  as  1.49 

ateoo. 

7%e  strong  solution  sometimes  remains  fluid  in  the  cold,  but  be^ 
comes  suddenly  soUd  and  very  hot  by  the  least  agitation. 

(/.)  Sulphuric  add  expels  the  muriatic  add  gas,  and  if  the  solu- 
tion is  strong,  the  sulphate  of  lime  is  precipitated  so  dense,  that  the 
glass  may  be  inverted  without  dropping  any  thing.  The  nitric  acid 
forms  nitrate  of  lime  and  nitro-muriatic  acid. 

(g.)  Hie  alkalies  and  aUcaUne  earths  decompose  this  salt,  forming 
muriates  and  precipitatmg  the  lime ;  still  the  muriates  of  soda  and 


*  It  may  be  heated  ttU  it  becomes  a  dry  powder,  but  it  is  most  convenient  to 
evaporate  the  solution,  to  the  consistence  ot  a  syrup,  (or  sp.  gr.  about  1.45) ;  if  it 
be  then  stirred  while  cooling,  it  will  be  broken  down  into  parts  of  convenient  size,  for 
forming  a  freezing  mixture.^-Dr.  Hope. 

t  According  to  Or.  Thomson,  (First  Prin.  Vol.  I,  p.  277,)  the  muriate  of  lime  is 
easily  crvstalUzed,  by  placing  a  concentrated  solution  of  it  under  the  exhausted  re- 
ceiver of  an  air  pump,  over  a  flat  glass  vessel  containing  strong  sulphuric  acid. 

X  I  have  known  it,  when  put  up  in  \he  state  of  dry  powder,  to  kec^  unchanged  lor 
twenty  years. 

§  See  Nich.  Jour.  4to.  Y,  222,  for  many  curious  particulars  oonceming  freezing 
mixtures. 
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polassa  are,  in  turn,  decomposed  by  lime,  and,  m  die  atmo^bere, 
muriate  of  lime  and  carbonate  of  soda  are  the  result. 

(A.)  When  saturated  solutions  of  muriate  of  lime  and  of  car^ 
banaie  of  potassa  are  mixed^  a  solid  mass  is  predpiiated. 

(f .)  JSTot  decomposed  hy  pure  ammonia^  but  readily  by  the  carbon* 
aie^  prodncing  muriate  of  anmionia  and  carbonate  ot  lime. 

CHLOBIDK   OF    CALCIUM. 

1.  PaSPABATION. 

(a.)  Bu  heating  lime  in  chlorine  gas;  for  each  ToIuBie  of  chlo- 
rine absorbed,  haff  a  yolume  of  oxygen  is  expelled. 

(b.)  By  analogyy  we  should  expect  the  same  eon^pownd  to  be  form- 
ed oy  heating  lime  in  muriatic  acid  gas» 

(e«)  Bypmng  the  muriate  of  Hme^  formed  as  already  described ; 
the  same  change  is  supposed  to  haf^pen  that  has  been  mentioned  in 
smilar  cases ;  the  hydrogen  of  the  muriaitic  acid  ooiting  with  the 
oxygen  of  the  earth,  to  form  water,  and  the  chlorine  remaming  m 
union  with  the  calcium,  to  form  chloride  of  calcium ;  and  the  same 
explanation  would  be  giyen  under  (b.) ;  by  the  old  theory,  it  would 
be  merely  the  formation  of  a  dry  muriate,  waler  being  expelled  by 
the  heat. 

2.  PBOPERriBB. 

(a.)  The  chloride^  obtained  in  aH  these  cases,  becomes  again  a 
muriate^  by  solution  in  water^  whose  elements  regenerate  the  acid, 
and  the  earth ;  and  again  the  muriate,  by  igneous  fusion^  becomes  a 
chloride ;  thus  they  are  considered  as  being  mutually  convertible. 
-  (b.)  The  dry  crystals  being  regarded  as  a  true  muriate  equoBy 
with  the  solution^  toe  are  unable  to  point  out  any  iv^Hniant  distinction 
of  properties  ;  nor  does  the  fused  muriate,  which  has  thus  become  a 
chloride,  present  any  difference,  except  a  greater  avidity  for  water, 
which  results  of  course,  from  the  expulsion  of  that  fluid  by  heat. 

(c.)  There  is  therefore^  no  such  ttnng  as  a  dissolved  chloride  of 
cakiuim;  nor  ajused*  muriate  of  lime  ;  neither  will  the  latter  be  per* 
manent  in  its  new  state  of  chloride,  for  as  soon  as  it  has  deliquesced, 
it  becomes  again  a  muriate,  and  deposits  crystals  at  32^  Fahr. 

3.  Composition. 

(a.)  Of  chloride  of  calcium. — ^Berzelius  calculates  that  100  grs. 
of  carbonate  of  lime  afford  109.6  of  fused  chloride  of  lime,  contain- 
ing) by  calculation,  69.6  chlorine,  and  40.  metal,  which  corresponds, 
almost  exactly,  with  the  equivalent  number  of  chlorine,  36,  and  that 
of  calcium,  20  =  56,  the  equivalent  of  chloride  of  calcium.  In  the 
100  parts,  chloride  of  calcium,  will  therefore  be  composed  of  chlo- 
rine 64+  calcium  36=100. — H. 

*  The  true  fosioQ  of  the  saline  particles  is  intended ;  not  the  mere«queotts  fusion. 
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(b.)  Of  muriate  of  lime. — ^Dr.  Thomson  sutes*  the  compotitioa 
of  this  salt  as  beiog — 

Acid,       1  propor.  37 )  C    31.09 

23.63 
45.38 


Acidy       1  propor.  37 1  C 

Lime,      1      "        28  V  per  cent.  < 
Water,    6     «        64 )  ( 


Making  for  its  equiv.         119  1 00.00 

By  ignition,  119  parts  of  the  salt  lose  63,  which  consists  of  the  6 
proportions  of  water  54,  +  9  =  1  equiv.  of  water  more,  formed  by  the 
oxygen  of  the  lime,  and  the  hydrogen  of  the  acid. 

4.  Uses  of  muriate  or  lime. 

(a.)  Affords  with  snow^  the  most  powerfvl  means  of  produckig 
coUj  except  perhaps  crystallized  potassa. 

(6.)  It  is  used  in  medicine  as  a  deobstraent,  and  accordinf  to 
Fourcroy,  it  is  an  active  solvent  of  lymphatic  swellings,  and  an 
useful  remedy  in  scrofulous  affections.  It  is  used  also  to  concen- 
trate alcohol  by  attracting  water. 

(c.)  Medical  preparation. — ^Marble  powder  9  oz.,  muriatic  acid 
16^  water  8,  dissolve,  evaporate  to  dryness,  and  redissolve  in  1 J 
times  its  weight  of  water.  Dose,  36  drops  for  children,  and  a 
drachm  for  adults,  twice  or  thrice  a  day. 

chloride  of  lime. 

1.  Preparation. 

{a.)  In  the  humid  way. — Slacked  lime  is  diffused  in  water,  and 
kept  suspended  by  mechanical  agitation,  while  chlorine  gas  b  passed 
through  it,  to  saturation. f 

(&.}  In  the  dry  way,  this  chloride  is  manufactured  on  a  great  scale  in 
stone  chambers,!  by  Mr.  Tenant  at  Glasgow ;  and  at  Baltimore§  in 
this  country.  In  the  latter  case,  a  large  chamber  lined  with  lead 
is  used,  and  about  5000  lbs.  of  hydrate  of  lime  bem^  placed  thinly 
on  moveable  shelves,  the  chlorine  gas  is  then  introduced  into  the 
chamber,  and  is  absorbed  by  the  lime :  the  top  slielves  are  satura- 
ted Grst,  the  lime  is  then  stirred,  and  the  shelves  reversed,  those 
at  the  top  being  placed  at  the  bottom,  and  those  on  the  bottom  at 
the  top,  and  so  on  through  the  whole,  introducing  additional  quan- 
tities of  chlorine  as  the  shelves  are  transposed,  and  the  gas  is  absorb- 
ed. ||     It  is  made  also  in  New  York,  and  in  Philadelphia. 


*  First  Principle«,  Vol.  I,  p.  277. 

f  This  procem  was  formerly  patented,  (1798,)  by  Mr.  Tenant,  in  Scotland,  bat 
tbe  patent  was  broken  in  a  trial  at  law,  and  now  the  chloride  is  prepared  lisr  the  arts 
in  the  dry  way. 

t  Rooms  of  sandstone  are  now  preferred  In  G.  Britain. 

§  For  an  elaborate  amount  of  the  bleachine  powder,  its  manufacture  and  use,  eee 
Ure's  Diet.  2d  Ed.  p.  574.  ||  G.  W.  Carpenter,  Am«  Jour.  Vol.  XTI,  p.  177. 

Vol.  U.  9 
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2.  Properties. 

{a.)  Mr.  Dalton,*  Dr.  Thomson,f  and  Mr.  Welter,!  conclude, 
that  tne  bleaching  powder  is  a  compound  of  1  proportion  of  chlorine 
36,  with  2  of  lime  66,  and  they  therefore  call  it  a  sub-  or  di-chloride ; 
and  they  suppose  that  when  this  substance  is  dissolved  in  water,  it  is 
the  real  chloride  that  is  dissolved,  and  that  1  proportion  of  lime  is 
separated. 

Dr.  Ure  denies  that  it  is  a  definite  compound,  and  says  that  he 
could  never  observe  this  separation. 

(6.)  Dry  chloride  of  lime  has  a  faint  odor  of  chlorine^  and^  by  ex- 
posure to  the  atmosphere,  is  gradually  decomposed,  especially  when 
in  solution,  chlorine  being  liberated,  and  carbonate  of  lime  being  form- 
ed ;  by  boiling — ^heat  decomposes  the  chloride,  and  if  carried  as 
high  as  600°  Fahr.  it  evolves  chlorine  and  oxygen  gas,  and  some- 
times euchlorine,  and  leaves  chloride  of  calcium,  or  dry  muriate  of  lime. 

(c.)  The  chlorine  nearly  neutralizes  the  lime,  destroying  in  a  great 
measure  its  alkaline  properties. 

(d.)  Decomposed  by  acids,  even  by  the  carbonic,  with  evolution 
cf  chlorine  gas. 

(c.)  Aqueous  solution  of  the  chloride,  is  decomposed  by  boiling  ; 
by  the  decomposition  of  water,  muriatic  acid  is  rapidly  formed,  ox- 
ygen gas  being  evolved,  and  its  bleaching  power  is  thus  destroyed .§ 

3.  USES. 

(A.)  Bleaching  by  chloride  of  lime. 

(a.)  It  has  already  been  mentioned  under  the  history  of  chlo- 
rine, that  this  agent  is  very  powerful  in  destroying  color,  especially 
in  vegetable  bodies.  Both  the  gas  and  the  watery  solution  were 
early  (1784-6,)  employed  in  bleaching,  but  the  eflSuvia  were  so 
sufibcating  that  they  could  not  be  borne  by  the  workmen.  After- 
wards, (1789-90,)  the  gas  was  condensed  in  a  solution  of  pearl- 
ashes,  and  used  in  France  under  the  name  of  the  ley  or  liquor  of 
Javdle.  In  1798,  Mr.  Tenant  employed  lime  diffused  in  water  to  con- 
dense the  gas,  and  now  the  dry  chloride  is  dissolved  for  that  purpose. 

(6.)  The  strength  of  the  bleaching  powder  is  determined  by  its  oc- 
tion  on  indigo,^  2  grains  of  which  are  bleached  by  1  of  the  chlo- 
ride of  lime.  The  quantity  of  gas  extricated  from  it  by  muriatic 
acid,  or  even  by  vinegar,  affords  also  a  good  criterion  of  its  strength. 
To  dissolve  out  dirt,  grease,  and  resinous  matter,  the  stuffs  chiefly 
linen  and  cotton,  are  steeped  in  hot  water,  or  in  waste  cold  alkaline 
leys;  they  are  then  boiled  in  a  caustic  alkaline  liquor,  so  dilute  as 

•  Ann.  Phil.  Vol.  I— H.  ♦  lb.  Vol.  XV. 

t  Ann.  da  Chim.  et  de  Phys.  Vol.  VIH.  §  Am.  Jour.  Vol.  XV,  p.  892. 

I  For  A  very  full.  Interesting,  and  instructiTe  article  on  bleachine,  see  Parkes' 
Essays.  Vol.  II. 

t  This  test  is  not  very  precise,  as  the  quality  of  indigo  raries  very  much ;  muri- 
ate of  man^^ese  appears  to  be  far  preferable. — Am.  Jour.  Vol.  XV'lI,  p.  170. 
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not  to  injure  the  fibre  ;  and  this  steeping  in  hot  water,  and  boiling  in 
caustic  alkali  are  repeated  several  times,  more  or  less  frequently, 
according  to  the  nature  of  the  material ;  linen  being  much  more  dif- 
ficult to  bleach  than  cotton,  and  generally  requiring  three  or  four 
huckings,  as  the  immersion  m  the  caustic  ley  b  called,  before  the 
chloride  of  lime  is  applied.  The  ffoods  are  next  immersed  in  a  so- 
ItUion  of  the  chloride  of  lime.  They  are  then  again  washed  in  wa- 
ter, and  exposed  to  the  acdon  of  very  dilute  sulphuric  acid  ;  they  are 
now  again  washed  in  water,  and  exposed  anew  to  the  alkali,  and  then 
again  washed,  and  replaced  in  the  solution  of  the  chloride,  and  in 
this  way  there  are  several  alternations  in  the  use  of  these  different 
fluids^  and  weak  sulphuric  add  is  again  applied^  which  gives  them 
a  beautiful  whiteness.  Lastly,  they  are  cleansed  by  being  boUed  in 
a  dilute  solution  of  pearl  ashes  ana  white  soap,  which  removes  any 
odor  of  chlorine,  and  any  remains  of  acid. 

(c.)  Sometimes  the  chlorides  ofpotassa  and  soda  and  even  of  mag-- 
nesia  and  dumina  are  preferred  to  the  chloride  of  lime,  especially  in 
bleaching  cotton  for  calicoes ;  because  the  sulphuric  acid  used  to 
cleanse  the  stuffs  forms  with  the  lime  an  insoluble  sulphate,  which 
adheres  obstinately  to  the  fibres  of  the  cloth,  and  being  a  mordant, 
particularly  for  madder,  it  stains  those  parts  that  were  intended  to  be 
white,  whereas  the  bases  of  the  other  chlorides,*  form  with  sulphu- 
ric acid  a  compound  completely  soluble,  which  is  removed  by  washing. 

(rf.)  Advantage  of  the  new  bleaching  process. — PrindpcMy 
in  time;  it  is  more  than  the  difference  between  weeks  and  months  : 
a  few  days  are  now  sufficient  for  small  quantities,  and  a  few  weeks  for 
the  largest.  The  process  is  also  independent  of  the  weather  and  sea- 
sons, and  has  restored  the  large  bleach  fields  to  agriculture.  The 
materials  of  the  new  process  are  as  much  dearer  as  the  cost  of  the 
chloride  of  lime,  but  the  interest  of  capital  is,  on  tlie  whole,  much 
less,  and  the  process  is  certain,  and  does  not  injure  the  goods. 

(c.)  Theory  of  the  process. — In  bleaching  by  the  old  process,  {still 
extensively  practiced  in  this  country,)  oxygen  is  absorbed  from  the  air, 
and  renders  the  coloring  matter  soluble  in  alkalies,  the  immersion  in 
which  removes  the  exterior  film,  and  thus  to  the  eye,  the  color  is  re- 
newed, and  appears  as  if  going  back  to  its  first  stage,  but  this  is  merely 
because  a  new  portion  of  coloring  matter  is  disclosed,  by  the  removal 
of  the  substance  that  covered  it ;  a  new  exposure  to  the  bleaching 
agent  renders  a  new  film  soluble,  which  a  new  immersion  in  the 
alkali  removes,  and  so  on  until  the  whole  is  discharged. 

(/.)  In  the  new  process,  the  oxygen  of  the  water  performs  the 
office  of  the  oxygen  of  the  air  in  the  old;  and  in  every  other  respect 


*  The  chlorkleB  of  magnesia  and  alumina  have  sometimes  also  been  preferred  be-> 
cause  the  moriates  of  their  bases  do  not  Injure  the  fibre. 
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the  operation  and  theory  are  eomcident.  The  MortM  appears  i4> 
act  in  bleoehingf  by  decomposing  waier^  whose  hydrogen  goes  to  form 
muriatic  acid,  which  is  always  found  when  liquid  chlorine  is  used, 
and  a  muriate  when  a  chloride  is  employed.  It  also  decomposes 
the  coloring  matter,  one  of  whose  elements  is  always  hydrogen,  and 
its  composition  being  thus  subverted,  it  is  rendered  soluble  and  re* 
moved,*  By  the  former  theory,  the  oxygen  of  the  oxy-muriatic  acid 
acts  on  the  coloring  matter,  and  muriatic  acid,  or  a  muriate  is  left;  in 
the  other  steps  the  two  theories  are  coincident. 

The  new  bleaching  process  was  a  great  present  from  chemistry  to 
(hearts. 

fB.)  Powers  or  chlorine  in  disinfecting  and  curing. 

(a.)  Chlorine  is  by  far  the  most  powerful  agent  hitherto  discovered 
io  counteract  contagion^  and  all  kinds  of  noxious  effiuma^  and  iio 
sanative  powers  appear  eqiuiUy  extraordinary.  The  chloride  of  limef 
is  g^aerally  used  ior  these  purposes,  and  is  employed  in  solution, 
ibmr  ounces  to  one  pint  of  water.  Dilute  one  part  of  the  liquid  with 
40  of  water,  a  pint  with  five  gallons,  or  a  wine  glass  fuU  with  three 
quarts  of  water ;  sdr  the  mixture  and  it  is  then  fit  for  use.  It  instan«- 
taneously  destroys  all  bad  effluvia,  pardcularly  those  arising  from  ani- 
mal^  and  vegetable  decomposition,  and  effectually  prevents  their  de- 
leterious influence ;  hence,  in  epidemic  districts,  the  mixture  sprmkled 
about  apartments  will  probably  prevent  the  access  of  contagion,  to  a 
eertain  extent  around.  In  examinations  for  inquests  and  in  anatomi- 
eal  rooms,  it  is  necessary  only  to  sprinkle  the  diluted  liquid  in  the 
apartment,  or  on  the  object  requiring  purification. 

The  effluvia  from  drains,  sewers,  &£c.  will  be  destroyed  by  pouring 
mto  them  a  quart  of  the  mixture,  added  to  a  pailful  of  water,  and 
repeating  the  operation  until  the  odor  is  completely  removed. 

Tainted  meat  is  rendered  inodorous.  Water  in  cisterns  is  purifi- 
ed, and  animalculae  are  desUroyed,  by  a  pint  of  the  solution  to  one 
hundred  and  twenty  gallons  of  water ;  and  on  ship  board  it  counter- 
acts the  effluvia  arising  from  bilge  water,  and  from  wounds,  and  con- 
fined air. 

It  destroys  the  smell  of  paints^  and  a  room  painted  in  the  day,  may 
be  slept  in  at  night,  if  sprinkled  some  hours  before  with  the  mixture. 

*  Bleaebing,  pHrticuUrly  of  cotton,  is  now  performed  by  hi^h  steam  without  the 
aid  of  cbloiinc.  The  gooiis  are  cxpOFed  alternately  to  nn  alkaline  lixivium,  aod  to 
the  vapor  arinng  from  it  at  220°  or  2:}0°  which  renders  the  resinous  and  other 
coloring  matter  of  the  cloth  soluble  in  nikAli. — Parkes. 

This  process  iMalso  applied  to  the  whitenins;  of  rags  for  the  manufacture  of  paper, 
and  lime  is  sometimes  substituted  for  (!ie  »ilvali. 

\  Firat  employed  by  Mr.  Massoupjcr  about  1809,  in  the  military  ho5<pita1  at  Straft- 
burijr;  he  used  the  solution,  and  this  is  found'to  be  gradually  decomposed  by  the  car- 
bonic acid  produced  by  putrefaction,  and  thus  the  chlorine  is  so  gradually  liberated, 
that  it  produces  no  annoyance :  if  a  more  prompt  eO'ect  is  desired,  a  stronger  acid 
added  to  the  chloride,  will  evolve  the  chlorine  instantly  and  abundantly.  The  chle- 
ride  of  ioda  und«r;pes  decompofiition  in  a  Mniilar  way,  only  more  slowly. 
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The  nuisanoes  arising  from  disagreeable  and  unhealthy  manufacto- 
ries* may  be  equally  obviated  by  the  mere  sprinkling  of  tlie  chloride 


The 
ries* 
of  lime,  and  the  health  of  the  workmen  preserved. 

Smelters  of  lead,  and  makers  of  glue,  tallow  and  soap  manufac- 
turers, skin  dressers,  &c.  may  deprive  iheir  premises  of  all  ofiensive 
smell,  by  the  same  processes,  and  the  close  and  confined  air  of  hos- 
pitals and  prisons  Is  purified  by  sprinkling  the  diluted  chloride  of 
lime  in  small  quantities  from  a  watering  pot. 

(b.)  The  chloride  of  soda  has  lately  been  most  heneficiaUy  introdur 
eed  into  the  materia  medica.  The  chlorides  arrest  animal  and  vegetable 
decomposition.  Chlorine  acts  chemically  upon  the  morbid  matter, 
and  resolves  it  into  innocuous  principles ;  the  application  of  the  chlo- 
ride of  soda  in  carbuncle,  ulcers,  gangrenous  sores,  and  mortification, 
and  in  cutaneous  diseases  has  been  successful.f 

The  proportions  to  be  used  vary  with  the  disease ;  externally,  the 
weak  solutions,  frequently  repeated,  are  more  effectual  than  the 
stronger  mixtures.  The  use  must  be  suspended  when  the  sores  are 
red  and  inflamed.  In  this  country  it  has  been  most  successfully  used 
in  all  the  foregoing  cases.  Diseases  of  animals  of  a  similar  nature* 
will  be  cured  by  the  same  means.| 

It  cleanses  the  teeth  and  gums,  and  it  is  used  as  a  gargle  in  tb« 
ulcerated  sore  throat.  Physicians,  and  persons  engaged  about  the 
beds  of  people  sick  with  contagious  diseases,  should  moisten  their 
bands  and  nostrils  with  a  dilute  solution  of  chloride  of  lime,  or  a 
solution  of  chlorine. 

Chloride  of  lime  is  powerful  in  restoring  persons  suffocated  by 
bad  gases,  especially  sulphuretted  hydrogen.^ 

(c.)  CUorine  gas  is  sometimes  employed  in  Jumigations  where  an 
active  effect  is  desired,  but  the  apartments  must  be  previously  emptied. 

Mr.  Faraday  fumigated  the  general  penitentiary  at  Millbank,  Eng« 
land,  by  seven  hundred  pounds  common  salt,  seven  hundred  manga* 


*  In  a  manufactory  in  Scotland  where  the  bleaching  materials  of  the  new  process 
are  employed,  the  solid  residuum  of  the  disliUing  vessels  is  heited  in  the  cottagM 
infected  with  fever,  the  family  being  removed  and  the  house  closed,  and  for  twenty 
years  no  fever  had  made  any  progress  in  that  establishment. — Parkes'  Essays,  Vol. 
11.  p.  345. 

i  Both  chlorine  and  chloride  of  lime  have,  it  is  said,  prevented  or  cured  hydro- 
phobia.—Am.  Jour.  Vol.  XVH,  p.  204. 

t  Carpenter  in  Am.  Jour.  Vol.  XVI,  and  M.  Labarraque's  pamphlet,  translated 
by  Dr.  Porter;  see  also  Dr.  Bock,  in  Am.  Jour.  Vol.  XIV,  p.  241,  and  Gay-LusMC 
on  chlorometry.  Jour,  de  Chim.  et  de  Phys. 

§  Chlorine  has  been  administered  in  Paris  as  a  remedy  in  Phthisis  pulmonalb,  and 
a  complete  cure  in  one  case  of  a  student  of  medicine,  was  reported  to  the  Academy 
in  August,  1829,  by  Magendie  and  Dumeril.  Dr.  Cotterau  has  contrived  an  appa- 
ratus, with  which,  by  a  small  lamp  and  thermometer,  the  patient  is  enabled  to  sepa- 
rate the  gas  from  an  aqueous  solution  of  chlorine  at  a  given  temperature,  so  cautious- 
ly that  the  drops  of  the  solution  may  be  counted,  uid  the  tube  throu||h  which  the 
chlorine  is  breathed,  shut  so  as  not  to  lose  an  atom. — Report  of  the  IiutUnitforA^ 
gust.-^J,  G. 
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nese,  and  fourteen  hundred  oil  of  vitriol,  and  thus  purified  a  space  of 
2,000,000  cubic  feet ;  he  thinks  that  a  smaller  quantity  of  the  materials 
would  have  answered  ;  the  gas  continued  to  be  exhaled  for  four  days.* 
PoLABiTT  OF  Chlorine. — Like  oxygen,  it  is  attracted  to  the 
positive  pole. 

MURIATE  OF  ALUMINA. 

Newly  precipitated  alumina  is  dissolved  in  muriatic  acid  ;  it  does  not 
crystallize ;  it  forms  a  gelatinous  and  acidulous  mass ;  deliquescent ; 
astringent ;  very  soluble ;  loses  its  acid  by  heat  and  leaves  the  earth. 

The  muriates,  chlorates  and  chlorides  of  the  other  earths,  have 
been  litde  investigated,  or  are,  as  far  as  known,  possessed  of  no 
peculiar  properties. 

Remarks. — It  is  worthy  of  observation  that  the  dry  muriates  and 
chlorides  cannot  be  decomposed  by  dry  vitreous  acids  and  acidulous 
salts,  such  as  boracic  and  phosphoric  acids  and  super  or  bi-phosphate 
of  lime ;  but  if  water,  or  any  thing  that  will  afford  it  or  its  elements, 
be  present,  then  the  muriatic  acid  gas  is  abundantly  obtained. 

Upon  the  new  view,  it  is  supposed  that  the  substances  in  question 
being  chlorides,  water  is  necessary  to  act  by  its  elements  to  give  oxy- 
gen to  the  base  and  hydrogen  to  the  chlorine,  so  that  the  former  may 
combine  with  the  acid  to  form  a  salt  and  the  latter  may  become  muri- 
atic acid  gas  and  escape  in  that  condition. 

Upon  the  old  view,  the  water  was  thought  to  be  necessary  to 
the  separate  existence  of  muriatic  acid ;  the  combined  acid  being 
supposed  anhydrous,  and  die  acid  gas  being  incapable  of  aerial  ex- 
istence, without  acquiring  one  fourth  of  its  weight  of  water. 

Those  who  feel  interested  m  the  curious  but  rather  complicated, 
and  yet  interesting  discussion,  relative  to  the  old  and  the  new  views 
of  the  nature  of  chlorine  and  its  combinations,  will  find  a  luminous 
account  of  the  subject  in  the  appendix  to  the  6th  ed.  of  the  Elements 
of  Murray's  Chemistry,  Edinb.  1828,  which  has  been  already  cited. 

The  least  satisfactory  pari  of  the  present  chlorine  theory  m  the 
easy  transmutation  of  muriates  into  chlorides^  and  of  chlorides  into 
muriates  ;  alsOj  of  the  chlorides  of  the  oxides  of  metallic  bases  into 
chlorates  and  muriates  of  those  bases j  and  of  chlorates  into  muriates 
of  oxides  of  bases  and  metallic  chlorides  of  those  bases.  Among 
these  instances,  nothing  appears  more  extraordinary,  than  that 
the  solution  of  muriate  of  soda,  consisting  of  chlorine  and  hydrogen 
for  the  acid,  and  of  sodium  and  oxygen  for  the  alkali,  should,  by  the 
mere  act  of  crystallization,  give  up  the  oxygen  from  a  combination 
of  the  most  energetic  kind,  namely,  with  the  sodium  ;f  and  hydrogen 

*  Ure,  and  Eng.  Jour,  of  Science,  Vol.  XVIII.  p.  92. 

t  Which  no  single  affinity  but  that  of  potaeaium  will  overcome. 
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from  a  combination  not  dissimilar,  (for  chlorine  either  sbely  or  hj 
double  action  takes  hydrogen  from  every  thing,)  and  thus  form  wa- 
ter, to  add  a  little  to  the  mass  of  the  fluid  in  which  the  process  is 
going  on ;  while  the  chlorine  and  sodium  form  a  chloride^  which  re- 
tnains  unaltered^  although  lying  in  the  water ^  which  is  its  birth  place: 
atUly  the  mere  solution  of  this  chloride  is  sufficient  again  to  disjoin 
the  elements  of  the  water  and  to  cause  them  toform^  anew,  tJie  mu^ 
Tiaie  of  soda;  and  so,  back  and  forward,  as  often  as  crystallization 
and  solution  take  place,  this  interchange  of  ihe  elements  is  renewed, 
hut  with  no  appreciable  difference  of  properties^  between  substances 
so  remarkably  different  in  constituuon,  as  muriate  of  soda  and  chlo- 
ride of  sodium.  May  we  not  suspect  that  there  is  something  yet  to 
be  discovered  respecting  this  subject  ?* 

The  new  view,  although  decidedly  preferable  to  the  old,  is  not  with- 
out its  dark  points.  If  the  subject  has  ceased  to  be  regarded  as  a  lis 
pendens^  still  it  may  be  best  to  keep  the  former  opinions  in  remem- 
brance, at  least  as  being  a  curious  part  of  the  history  of  the  science, 
even  if  they  are  no  longer  important  in  its  elucidation. 

NITRO-HURIATIC  ACID. 

1.  Process. — Formed  by  mixing  2  parts^  by  weight,  of  nitric 
with  1  of  muriatic  acid;  or  the  reverse  ;  or  equal  proportions;  or  1 
nitric  and  4  muriatic ;  authors  recommend  all  these  and  other  pro- 
portions.    Equal  measures  give  an  active  add  for  dissolving  gold. 

2.  Properties. 

(a.)  Deep  red  color;  if  the  acids  are  strong,  there  is  an  efferves- 
cence spontaneous  and  active,  with  the  mixed  odor  of  chlorine  and 
nitric  oxide  gas,  or  rather  nitrous  acid  vapor,  which  are,  by  heat,  ob- 
tained in  mixture,  and  by  a  long  continued  heat  these  gases  are  en- 
tirely expelled,  and  there  remains  a  mere  mixture  of  nitrous  and  mu- 
riatic acids,  incapable  of  dissolving  gold. 

(6.)  It  dissolves  gold ;  (rex  metallorum,  thence  the  name,  aqua 
regia ;)  if  combined  with  alkalies  or  with  earths,  it  forms  merely 
mixed  nitrates  and  muriates  or  chlorides,  and  nitrous  gas  is  evolved. 

ic.)  In  its  action  on  metals  it  yields  muriates  or  chlorides  only, 
d.)  It  \s  formed  in  various  proportions  for  different  purposes,  and 
appears  to  be  mainly  a  mixture  of  dUorine  and  nitrous  and  muriatic 
acids.  The  nitric  acid  is  supposed  to  afford  oxygen  to  the  hydrogen 
of  the  muriatic  acid,  thus  forming  water  and  evolving  chlorine  and 
nitrous  acid.  Upon  the  old  theory  the  nitric  acid  was  supposed  to 
impart  oxygen  to  the  muriatic,  thus  generatmg  nitrous  acid,f  and  lib- 
erating muriatic  acid. 

*  Berzelius  maintaiDs  that  the  soluble  chlorides  dissolve,  as  such,  without  chang- 
inff  into  muriates. — J.  T. 

t  Sir  H.  Dayy  (English  Journal  of  Science,  No.  I,  p.  67,)  says,  that  if  strong  ni- 
troua  acid,  saturated  with  nitrons  gas,  be  mixed  with  strong  muriatic  acid,  the  latter 
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IODINE,  (from  Ic^(,  violaceous.) 

1.  Discovert  and  History. — In  1811  or  12,  at  Parisy  by  M. 

Courioisy  a  saltpetre  manufacturer.*  This  gentleraan,  in  preparing  the 
barilla  or  carbonate  of  soda,  from  the  ashes  of  marine  plants,  (cen- 
dres  de  varech,)  found  that  the  remaining  fluid  powerfully  corroded 
the  iron  vessels  in  which  it  was  contained.  Sulphuric  acid  precipita- 
ted a  dark  colored  substance,  which  by  heat  became  a  beautiful  vio- 
let vapor.  Being  examined  by  Clement  and  Desormes,  it  was  found 
to  be  a  new  principle,  whose  properties  have  been  since  fully  inves- 
tigated by  some  of  the  ablest  chemists  of  the  age.f 

2.  Preparation. 

(a.)  Obtained  chiefly  from  the  liquor  remaining  after  the  crystal^ 
lizationof  soda  from  the  liocivium  of  the  ashes  of  marine  plants. 

(6.)  Evaporate  this  fluid  untU  most  of  the  soda  and  common  salt 
have  crystallized  out ;  add  a  little  diluted  sulphuric  acid  to  precipitate 
sulphur  and  to  disengage  muriatic  acid,  and  then  evaporate  to  dryness; 
this  saline  mass  tviU  contain  the  iodine^  if  any  were  present  in  the 
materials. 

(c.)  To  this  mass^  contained  in  a  tubulated  retort,  furnished  with  a 
tubulated  receiver,  add  half  its  weight  of  strong  sulphuric  add;  there 
will  be  a  brisk  eflfervescence  and  a  violet  colored  vapor  wiUfill  the 
vessels^  which  will  be  increased  by  heat  and  wiU  condense  into  a  dark 
colored  solid^  in  the  neck  of  the  retort  and  in  the  receiver. 

It  is  found  useful  to  add  about  one  sixth  part  of  manganese,  which 
prevents  the  decomposition  of  the  sulphuric  acid  and  the  formation 
of  sulphurous  acid,  which  acts  upon  the  iodic  vapor. 

{d.)  Dr.  Ure|  found  that  iodine  can  be  advantageously  extracted 
from  the  brown  oily  looking  liquid  which  forms  the  vHute  leys  of  the 
soda  soap  boUers^  in  Scotland.  This  liquid,  (sp.  gr.  1.374,)  being 
saturated  at  230^  F.  with  diluted  sulphuric  acid,  of  which  it  requires 
1  ounce  measure  to  8  of  the  fluid,  is  then  cooled  to  separate  the 
crystals  of  sulphate  of  soda  and  sulphate  of  potassa,  and  also  some 


produces  no  other  effect  than  so  much  water,  and  the  mixed  fluid  will  not  diswire 
gold.  1  can  only  say  that  this  is  contrary  to  my  experience ;  I  ha^e  constantly  found 
a  very  active  aqua  re^^ia  produced  by  the  strotieest  red  fumina^  nitrous  acid  mixed 
with  the  strongest  muriatic,  dissolving  gold  with  enerf^y,  and  when  the  action  has 
ceased,  which  is  the  fact  eventually,  especially  if  heat  is  employed,  it  is  renewed 
hy  the  addition  of  a  drop  of  alcohol,  which  produces  more  nitric  oxide  gas,  and  of 
course,  nitrous  acid. 

♦  The  discovery  was  published  in  1818. 

t  Vauquelio,  Ann.  de  Chim.  Tom.  XC,  p.  206.  Gay-Lussac,  ibid.  XCI.  Claubry 
and  Colin,  ibid.  XC,  XCI,  XCIII.  Davy,  Phil.  Trans.  1814-16 :  also  Ann.  de  Ch. 
Tom.  LXXXVIII. 

X  Chem.  Diet.  art.  Iodine. 
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sulplfur ;  it  b  next  filtered  and  mixed  when  cold  with  about  one  sixth 
of  black  oxide  of  manganese ;  and  lasdy  it  is  heated  in  a  glass  vessel 
and  the  iodine  copiously  sublimes.* 

3.  Properties. 

(a.)  A  soft  solid  at  common  temperatures,  ,^^fc,  easily  crushed 
between  the  fingers,  giving  them  a  duU  brownish  yeUow  stains  grad- 
ually disappearing  as  the  iodine  evaporates. 

(&.)  ColoTj  bluish  black  with  a  metallic  lustre^  but  as  it  appears  in 
the  shops,  rather  dull,  like  plumbago. 

(c.)  Sometimes  in  brilliant  rhcmboidal  plates  or  scales^  like  the 
oligiste  or  micaceous  iron ;  or  in  regular  crystals,  often  acute  oc- 
tahedral which  is  the  primitive  form. 

{d.)  Odor  pungent  and  disagreeable,  resembling  that  of  chlorine 
mixea  with  air — taste  acrid. 

(«.)  Sp.  gr.  at  60°,  4.946,  but  according  to  Dr.  Thomson,  only 
3.0844.t 

(/.)  A  non-conductor  o^  electricity  ;  if  a  small  fragment  of  it  be 
placed  m  the  voltaic  chain,  it  instantly  mterrupts  the  decomposition 
of  water;  andiv  the  galvanic  circuit,  it  goes  to  the  positive 
POLE  like  chlorine,  oxygen,  and  bromine,|  the  only  other  elementary 
bodies  that  are  electro-negadve. 

Cg.\  In  watery  almost  insoluble;  requiring  7000  parts  to  dissolve  one» 

(a.)  Evaporates  montaneously^  at  common  temperatures,  and,  if 
left  in  the  air,  it  gradually  vanishes,  notwithstanding  its  density ;  it  is 
constantly  exhaling  its  peculiar  odor^  and  if  the  eye  be  favorably 
dtuated,  a  violet  vapor  may  be  seen  rising  from  it.  it  melts  at  225°, 
and  boL's  at  347°  Fahr.  or  at  about  350°,  under  the  common  at- 


mospnenc  pressure. 

(t.)  Its  vapor,  raised  by  heat,  is  of  a  splendid  violet,  whence  its 
name ;  it  is  best  exhibited  by  placing  some  of  the  solid  substance  in 
a  large  glass  retort  or  flask,  and  warming  it  gradually  over  a  few 
coals ;  the  mouth  of  the  vessel  should  be  but  loosely  stopped,  and  it 
ought  to  be,  as  far  as  possible,  heated  equally ;  the  vapor  is  best  seen 
by  transmitted  light,  and  nothing  can  exceed  it  in  beauty.    It  conr 

*  In  evaporating  the  lixivium  of  the  crude  kelp  of  Normandy,  (eome  of  which  I 
received  through  the  kindnen  of  M.  Gay-Luaiac»)  I  have  found  that  the  filtered 
eolutioo,  when  evaporated,  does  not,  hy  crystallization,  divide  exacUy  between  the 
k)dic  salts  and  the  other  salts ;  the  latter,  when  they  crystallize,  are  more  or  lesi 
mixed  with  the  former,  and  increasingly  so,  as  successive  crops  of  crystals  are  ob- 
tained. After  the  first  copious  crystallization  of  salts,  I  have  mund  it  advantageous* 
to  evaporate  the  remainder,  at  once,  to  dryness ;  this  forms  a  beautiful  white  mass» 
which  can  be  reserved  in  glass  vessels  and  used  for  aflbrding  iodine  whenever  there 
is  occasion. 

t  First  Prin.  1, 88.  Dr.  Thomson  states,  that  as  sold,  it  is  only  2.915,  owing,  u  he 
conceives,  to  a  litUe  water. 

t  Fluorine  has  been  included  in  the  same  class,  but  its  distinct  existence  is  not  yet 
proved. 

Vol.  n.  10 
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'deiuer  agatn^  oi  foon  om  die  glass  grows  cM^  andformi  briUunU 
iteet  gray  enfstaUj  vnth  a  lustre  perfectly  metallic.  These  are  dissi- 
pated anew  by  heat,  forming  the  violet  vapor,  and  this  is  iutum  prompt- 
ly condensed  by  cold.*  It  cannot  be  retained  by  a  cork  ;f  it  must 
be  kept  in  bottles  with  good  ground  stoppers. 

(y.)  The  vapor  cf  iodine  is  more  dense  than  any  aJtr^orm  body^ 
being  by  calculation  8.678,  or  by  actual  observation  8.716,  air  be- 
ing 1.  and  therefore  100  cubic  bches  of  it  should  weigh  about  263 
grains,  and  is  about  124  or  125  times  as  heavy  as  hydrogen. 

(Jc.)  Volatilized  by  the  heat  ofboiKng  tooier,  and  owing  to  its  af- 
finity for  the  aqueous  vapor,  passes  over  with  it ;  it  is  purified  by 
distillation  witli  water. 

(/.)  It  destroys  vegetable  colors^  but  with  less  energy  than  chlorine. 

4.  E<tniVALENT  NUMBER. — Estimated  by  Dr.  Thomson  at  124 ; 
it  has  been  generally  stated  at  125,  and  it  is  not  eaiuly  settled  which 
number  is  correct. 

5.  Test. 

(a.)  The  peculiar  eolor  and  odor  of  the  vapor  is  very  deeisive^  but 
we  cannot  always  obtain  this  indication,  even  when  iodme  is  present 
in  considerable  quanti^. 

(6.)  Stardi  is  by  far  the  best  test.  Make  a  dilute  solution  mtk 
boiling  hot  watery  and  use  it  cold;  put  some  of  the  substance  to  be 
examined  in  the  bottom  of  a  wine  glass,  and  pour  the  soIutk)n  of 
starch  over  it ;  then  add  a  few  drops  of  sulphuric  acid  by  little  and 
fictle,  letting  it  run  down  the  side  of  the  glass ;  a  blue  color,  more  or 
less  intense,  and  sometimes  only  violet,  will  be  produced,  which  is 
owing  to  a  combination  between  the  iodine  and  the  starch ;  this  b 
said  to  receive  a  blue  tinge  from  xjv\zv  P^^  ^^  ^^  weight  of  iodine.^ 

*  The  best  method  which  I  have  found  of  crystallizing  iodine,  so  as  to  form  targe 
crystals,  is  this.  Talce  a  glass  tube  as  large  as  a  thumb,  sealed  at  one  end ;  totroduce  a 
considerable  quantity  of  iodine ;  by  the  blowpipe,  draw  it  out  at  the  other  end,  so  that 
it  can  be  easily  closed  by  fusion  ;  vaporize  the  iodine  till  it  fills  the  tube  and  is  seen 
rushing  out  in  vapor  at  the  capillary  oiifice ;  then  quickly  close  it  by  the  blowpipe; 
put  it  in  a  cold  place  and  the  whole  will  collect  in  a  few  large  and  brilliant  cryi* 
tals,  which  can  thus  be  perfectly  preserved. 

t  Although  the  cork  is  carefully  bound  around  with  thick  clay  lute  and  several 
folds  of  linen  and  twine,  it  will  corrode  the  whole  and  escape  in  the  course  of  some 
months,  even  in  the  winter  season. 

t  By  this  test,  I  have  examined  nearly  all  the  virieties  of  sea  weed  which  are 
found  on  the  sea  shores  near  New- Haven.  I  dried  and  burned  the  plants,  lixiviated 
the  ashes  and  separated  the  crystallizable  salts  as  far  as  practicable ;  then  the  solid 
substance  obtained  from  the  evaporation  of  the  residuum  to  dryness  being  treated  as 
•described  in  the  text,  I  obtained  decisive  indications  of  iodine  Irom  every  variety  ex- 
cept the  xostera  marina^  {wslgo,  eel  grass,)  "  which  is  abundant  on  every  coast;  it  is 
not  a  true  sea  weed,  but  a  phenogamous  plant,  and  iodine  appears  to  be  found  only  ia 
eryptogamotju  marine  vegetobles."  (Dr.  Tarrey.)  The  jieu$  vesicuiosut,  gives  a 
creat  deal  of  iodine ;  the  dulce,*  used  external  iy  in  swellings,  is  rich  in  it,  and  the 
fiuutpaimatus  is  said  to  contain  it;  were  there  occasion,  there  is  no  doubt  that 
iodine  might  be  advantageously  extracted  from  our  marine  plants. 

*  Popular  name — botanical  unknown. 
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6.  Action  of  oxj^en; 

(a.)  JTiere  is  none  under  common  etrcunutances^  but  it  has  been 
recently  ascertained  that  the  vapor  of  iodine  unites  with  heated  ox- 
ygen gas,  wd  forms  a  peculiar  oxide  of  a  yellow  color.  (See  page 
76,  Dote^ 

(6.)  It  acquires  oxygenfromefuMininegoM^  and  U  is  converted  inta 

IODIC  ACID. 

(a,)  A,  a  via]  containing  chlorate  of  potassa.  «  ^ 

fe,  a  spoon  with  a  little  iodine.  r      \ 

A  little  muriatic  acid  is  poured  upon  the  chloratCi  which, 
especiaUy  if  the  vial  is  immersed  in  warm  water,  disengages 
the  euchlorine,  and  then  the  metallic  spoon  is  let  down  and 
the  iodine  which  it  contains  is  immediately  converted  into  ^ 
iodic  acid.  A^^ 

(i.)  Or,  fiU  a  flask  with  euchlorbe,  in  the  manner  already  describ- 
ed, and  then  introduce  the  iodine. 

(c.)  Sir  H.  Davy  obtained  it  in.  an  apparatus  of  this  form,  shaped 
like  llie  letter  (q)  inverted,  and  connected  with  a  ^.-^     ^ 
thin  long  necked  receiver.     In  the  closed  end  of  the  x »-/■■''      i\ 
tube,  which  should  be  the  longest,  we  put  100  grs*  V^  11 

chlorate  of  potassa  and  pour  over  it  400  grs.  muri-  ll 

atic  acid,  sp.  gr.  1.105.     Some  muriate  of  lime,  in  ILA. 

dry  paper,  is  placed  in  the  tube  at  B,  (which  is  elongated  byanother 
smaller  tube,)  and  40  grs.  of  iodine  in  the  receiver  at  C.  The  mu- 
riatic acid,  aided  by  a  gentle  heat  applied  cautiously  to  the  bottom  of 
the  tube,  disengages  euchlorine,  which  acts  on  the  iodine  at  C,  and 
forms  iodic  acid  and  chloride  of  iodine. 

{d.)  This  is  effected  by  the  union  of  the  oxt/gen  of  the  euchlorine 
mth  one  portion  of  the  iodine^  whUe  the  chlorine  unites  with  another 
and  forms  a  chloride  of  iodine^  of  an  orange  cok>r ;  this  is  easily 
vaporized  by  heat,  aad  a  white  substance  remains,  which  is  the  anhy- 
drous iodic  acid. 

(e.)  Properties. — A  white  semi-tra$uparent  solid;  taste  add  and 
iutringent ;  inodorous ;  very  soluble  ;  deliquescent  m  moist,  but  per- 
manent in  dry  air ;  reddens  and  destroys  vegetable  blues  and  gives  a 
yellow  tint  to  other  vegetable  colors;  sinks  in  sulphuric  acid;  by 
neat  detonates  with  covwustibles ;  from  500^  to  600^,  fused  and  vol- 
atih'zed,  and  by  a  higher  heat  is  decomposed  into  oxygen  and  iodine; 
unites  unth  several  of  the  acidsy  ^probably  with  all  that  it  does  not 
decompose,)  as  the  sulphuric,  nitric,  phosphoric  and  boracic,  and 
with  the  three  first,  forms  crystalfizable  compounds ;  sulphuric  acid 
dropped  into  the  hot  aqueous  solution,  precipitates  the  acids,  in  solid 
eotnbmation,  having  very  acid  properties ;  it  is  decomposed  by  sulphur 
rous J  phosphorous  and  hydrioaic  adds^  and  by  sulphuretted  hydrogen^ 
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the  oxygen  being  attracted  away  and  the  iodme  liberated.  The 
deliquesced  or  hydrous  acid  may,  by  careful  evaporation,  be  obtained 
again  in  the  solid  state.     The  solution  corrodes  all  the  metals^  even 

Sid  and  platinum,  and  especially  gold.     With  alkalies  and  alka-^ 
\e  earths  and  their  carbonates  it  forms  iodatesj  which  will  be  most 
conveniently  described  with  the  hydriodates. 

(/.)  Equivalent  number  and  compositum. — ^From  the  quantity  of 
oxygen  obtained  by  the  decomposition  of  the  acid  by  heat ;  either 
from  the  free  acid,  as  by  Sir  H.  Davy ;  or  from  the  decomposition 
of  iodate  of  notassa  forming  iodide  of  potassium,  as  by  Gay-Lussac ;  it 
has  been  inferred  that  this  acid  consists  of  iodine  1  proportion,  124  4- 
oxygen  5,  =40=164,  which  is  therefore  its  representative  number.* 

lODOUS  ▲CID.4' 

1.  Discovert. — By  Prof,  Sementini  of  ^aples.^ 

2.  Preparation. — By  rubbing  together ^  in  a  porcelain  mortar ^ 
equal  parU  of  chlorate  of  potassa  arui  iodine^  till  they  form  a  fine 
pulverulent  yellow  mass,  in  which  the  metallic  lustre  of  the  iodine  is 
not  discernible ;  this  mass  is  then  distilled  in  a  glass  retort,  and  the 
iodous  aeidy  formed  by  the  action  of  the  oxygen  of  the  chlorate  upon 
the  iodine,  rises  in  a  white  vapor  and  condenses  in  a  yellow  fiuid^  fall- 
ing m  drops  into  the  receiver. 

3.  Properties. — Consistence  oUy;  taste  acidand  astringent^  leav- 
ing a  bumif^  sensation ;  odor  like  that  of  euchlorine;  reddens  but 
does  not  destroy  vegetable  blues;  volatilized  at  common  temperatures 
and  rapidly  at  212^,  but  without  decomposition ;  soluble  in  alcohol 
and  ether ;  decomposed  by  being  heated  with  sulphur,  but  without 
detonation;  by  mere  contact  inflames  phosphorus  and  potassium. 

HTDRIODIC    ACID. 

1.  AemarAv.— This  acid  is  interesting  and  important,  because  io- 
dine exists  in  nature,  chiefly  in  this  form^  combined  with  basesy  and 

fomUng  hydriodates.  The  attraction  of  iodine  for  hydrogen  is  strong, 
as  is  manifested  by  many  facts. 

2.  Preparation. 

(a.J  Pass  hydrogen  ^as  and  vapor  of  iodine^  through  an  ignited 
porcelain  tube^  or  heat  iodine  in  hydrogen  gas  ;  an  expansion  of  vol- 
ume takes  place,  and  this  add  gas  is  formed^  which  it  water  is  pres- 

•  Sir  H.  Dttvy,  Phil.  Tnms.  1816. 

X  There  appears  aome  reason  to  believe  tliat  the  product  of  the  action  is  in  this  case, 
iodic  acid,  eombiued  with  potassa^  and  chloride  of  iodine.  Heated  oxygen  ras  and 
vapor  of  iodine,  are  said  to  combine  into  a  yellow  oxide,  of  the  consistence  ofa  solid 
oil  which  continues  to  absorb  more  oxygen,  and  passes  to  the  condition  of  iodous 


«dd,  but  these  compounds  have  not  been  accurately  examined.    Turner,  2d  Ed.  p. 
^4,  quoting  Edin.  Jour.  No.  12,  p.  852,  and  Q         "        —       - 
I  English  Quart  Jour.  Vol.  XVII,  p.  381. 


(a.) 
at  first 
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ent,  b  rapidly  absorbed  and  forms  a  strong  liquid  acid ;  bj  dissolving 
iodine,  it  becomes  tawny. 

(&.)  A  glass  jar  of  small  dimenaons  tvith  a  tight  stopper  is 
pushed  down  mto  the  mercurial  cistern,  until  it  is  full  or  nearly    8 
80  of  mercury  ;  then  a  piece  of  wet  phosphorus  is  laid  on  the  ^xs. 
mercury,  just  within  the  neck ;  it  is  covered  with  iodine,  and         I 
the  stopper  instantly  replaced;  hydriodic  acid  gas  is  formed,         I 
and  gradually  displaces  the  mercuiy  in  the  jar.  L — J 

(c.)  TTie  usual  process  is  to  heat  gently  in  a  glass  retort ^  moisten- 
ed  iodine  trith  aboui*  ^^  of  phosphorus^  when  the  gas  distUs  over ; 
the  hydrogen  being  supplied  oy  the  decomposition  of  water,  whose 
oxygen  goes  to  acidify  the  phosphorus. 

(a.)  Hydriodic  acid  gas  u  received  injarsfUed  with  mercury^  but 
is  soon  decomposed  by  that  metal,f  which  absorbs  the  iodine  to  form  an 
iodide,  and  liberates  hydrogen  gas  equal  to  one  half  the  volume  of 
the  acid  gas. 

(e.)  Better  received  in  empty  dry  bottles^  in  the  way  recommended 
for  muriatic  acid  gas,  (Vol.  II,  p.  2,)  as  by  its  great  gravity  it  easily 
displaces  the  atmosphere. 

3.  Properties. 

Colorless^  very  acidy  resembles  muriatic  acid  ras^  and  was 
mistaken  for  it ;  like  it,  very  largely  absorbed  by  UHttery  and 
cannot  be  collected  over  that  fluid. 

(&.)  Reddens  vegetable  blues,  but  does  not  destroy  them;  sp.  gr. 
by  calculation  4.339,  by  experiment  4.443;  100  cubic  inches  of  it 
weigh  132.36  grs.  it  being  the  heaviest  permanent  aeriform  fluid 
known.J, 

(c.)  Oxygen  gas  heated  with  the  hydriodic  acid  gas,  takes  its  hy- 
drogen to  firm  toater,  and  liberates  the  iodine ;  Morine  does  the 
same,  even  at  the  common  temperature,  forming  muriatic  acid. 

Id.)  This  gas  is  hostile  to  life,  and  to  combustion, 

(e.)  The  fluid  add  in  its  most  condensed  state,  has  the  sp.  gr.  1.7. 
In  consequence  of  the  superior  affinity  of  iodine  for  hydrogen,  the 
liauid  acid  is  obtained  Sy  passing  sulphuretted  hydrogen  through  a 
Woulfe's  bottle,  containmg  finely  divided  iodine  in  a  state  of  suspen- 
sion ;  heat  the  liquid  to  expel  sulphuretted  hydrogen,  filter  it  to  sep- 
arate sulphur,  and  the  acid  is  pure  ;  at  262^  the  acid  distils  over  ; 
until  it  reaches  257^,  water  only  rises. 

{f.)  The  solution  decomposes  spontaneously  in  the  air,  by  jrield- 
ing  Its  own  hydrogen  to  the  atmospherical  oxygen,  while  the  iodine 
is  precipitated.  Sulphuric  and  nitric  acids  decompose  it  immediate- 
ly, evolving  iodine.^ 

*  Dr.  Ure  says  one  fourth,  Dr.  Henry  one  rixteenth  of  phoiphonis. 

t  And  by  all  others  except  gold  and  platinum. 

X  The  vapor  of  iodine  is  heavier,  but  it  is  very  transient 

§  With  strong  nitrous  acid,  it  takes  fire. 


78  CHLORIODIC  ACID. 

is*)  ^>^^  ^^^^f  ^t  S'^^s  ^  beautiful  orange  precipitate';  with  iper- 
oxide  of  mercury,  one  that  is  red ;  with  nitrate  of  aili^er^  one  oi  iIm 
same  color,  but  more  intense. 

(A.^  fVith  solution  ofpUuinum^  there  is  produced  a  fine  red  eolor^ 
growing  deeper  and  deeper j  till  it  resembles  red  tmne,  and  in  a  fsm 
hours  there  appears  a  splendid  peUide  of  metallic  plaiinumf  eover^ 
ing  the  fluid.  It  is  a  much  more  sensible  test  of  pfatbum,  than 
either  muriate  of  tin  or  muriate  of  ammonia.^ 

(t.)  When  mixed  with  proto-phosphurttted  hydrogef^j  both  gases 
are  condensed  into  white  cubicut  crystals^  which  are  volatilized,  at  a 
moderate  beat  without  fusion  or  decomposition.f 

(y.)  Equivalent  number^  125  or  126  ;  this  number  b  deduced 
from  the  composition  of  this  acid  which  is  supposed  to  be,  hydrogen 
1  proportion  or  volume,  and  iodine  1,  or  1  volume  of  the  vapor,  = 
124  or  125,  according  to  different  estimates  of  its  equivalent  num- 
ber, and  giving  therefore  125  or  126  for  the  number  ol  the  acid.  I| 
is  not  known  ibat  the  two  combine  in  any  other  proportions,  and  the 
bydriodic  acid  is  supposed  to  be  in  this  respect  analogous  to  the  muri* 
atic  which  is  composed  of  one  proportion  of  hydrogen  and  one  of 
chlorine. 

4.  PoLABiTT.— In  its  combbations  with  bases,  this  acid  is  attraict'' 
ed  like  other  adds  to  the  positive  pole  ;  but  when  galvanized  by  iise^j 
its  hydrogen  goes  to  the  negative^  and  its  iodine  to  the  positive  poU* 

chloriodic  acid,  or  chloride  of  iodine. 

1.  Preparation. 

{a.)  Sir  H.  Davy  first  formed  this  compound  '*  by  admittiw  chlo* 
rine  in  excess  to  known  quantities  of  iodine  in  exhausted  vesseuy  and 
repeatedly  heating  the  sublimate." 

(&.)  By  simply  immersing  dry  iodine  in  chlorine  gas^  the  latter  is 
absorbed  to  the  amount  of  less  than' one  third,  and  a  solid  compound 
is  the  result. 

2.  Properties. 

(a.)  Color  orange  yellow j  if  the  materials  saturate  each  other; 
reddish  orange  when  the  iodine  is  in  excess, 

(6.)  Solidj  crystalline^  deliquescent^  fusible  into  an  orange  colored 
liquid,  and  by  heat,  exhales  a  vapor  of  a  similar  color ;  it  is  very  vol- 
atUe. 


*  The  bydriodic  acid,  used  in  this  experiment,  is  easily  formed  by  pltcing  todisM 
and phosphoTtu  beneath  water  tn  a  tube;  when  gently  warmed,  there  is  an  eflfer- 
vescence  of  bydriodic  acid  gas,  and  I  have  seen  a  bright  flash  of  phosphu retted  hy- 
drogen at  the  tube's  mouth.  The  solution  of  bydriodic  acid  formed  in  this  way, 
may  be  kept  the  year  round,  and  although  containing  phosphorous  acid,  it  answers 
well  for  metaliic  precipitations ;  it  is  often  colored  at  first,  owing  to  an  ezceat  ofiodiae, 
but  it  becomes  clear  in  no  long  time.    See  Am.  Jour.  Vol.  Vf,  p.  876. 

t  Ann.  de  Chim.  etde  Phys.  Tom.  Yl,  p.  806. 
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(c.)  Soluiumy  m  water,  colorless  and  very  acid;  reddens  and  then 
destroys '  pegetMe  hl%ies,  dissolves  more  iodine  and  acquires  a  deeper 
color,  which  it  loses  by  agitadon  with  chlorine. 

[d.)  Supposed^  by  Gay-Lussac^  to  be  9,  peculiar  compound  of  io- 
dine and  cnlorine,  or  a  Maride  of  iodine.  It  is  perhaps  not  proved 
diat  in  its  dry  state  it  is  acid,  and  it  is  thought  that  its  acid  properties 
may  be  derived  from  the  decomposition  of  water  producing  iodic  and 
muriatic  acids,  and  an  acid  exactly  similar,  was  produced  by  Cray* 
Lassac,  by  the  mixture  of  these  two. 

(e.)  It  does  not  combine  tmth  the  bases  to  form  sahsj  and  wants 
thmfore  one  of  the  characterisdc  properties  of  acids ;  an  iodate  and 
a  muriate  are  formed  by  adding  it  to  an  alkaline  solution. 

lODATES  AND  HTDRIODATES. 

I00ATKS-— consisting  of  iodic  acid  and  bases. 

1.  General  characters.* 

(a.)  Great  resemblance  to  the  chlorates;  the  chloric  and  iodic 
acids  are  also  very  similar  in  composition. 

(b.)  Decomposed  at  loV  ignition,  and  liberate  oxygen  gas,  leaving 
a  metallic  iodide  or  even  evolving  iodine  and  leaving  the  base. 


(c.)  Deflagrate  with  combustibles. 


L)  Agents  that  readily  attract  oxygen  decompose  the  iodates  and 
liberate  iodine  ;  such  are  sulphurous,  phosphorous,  muriatic  and  hy- 
driodic  acids. 

(e.)  Sulphuretted  hydrogen  gas,  passed  in  a  stream  through  a  so- 
lution of  an  iodate  converts  it  into  a  hydriodate,  by  yielding  hydrogen 
to  the  iodine,  and  separating  the  oxygen. 

(/.)  No  iodates  found  native — those  of  alkalies  soluble,  the  rest 
insoluble  or  sparingly  soluble  in  water. 

iodate  or  POTASSA. 

1.  Preparation. 

(a.)  By  saturating  the  alkali  with  pure  iodic  acid  formed  as  alrea- 
dy described — but  thb  process  being  troublesome,  is  seldom  em- 
ployed. 

(6.)  Saturate  a  hot  and  strong  solution  of  pure  potassa  tvith 
iodine  ;  both  iodate  and  hydriodate  of  potassa  are  formed  by  the  de- 
composition of  water  which  afibrds  oxygen  to  a  part  of  the  iodine,  and 
hydrogen  to  the  rest,  and  both  the  acids  combine  with  the  alkali.f 

Evaporate  to  dryness  by  a  gentle  heat }  when  cold,  add  aiooJud^ 
sp.  gr.  .820,  which  unU  dissolve  the  hydriodate  and  leave  the  iodate^ 
in  small  white  granular  crystahu 

*  Dr.  Tamer  and  Davy,  in  Pbi]o8.  Trans.  H,  1814. 

\  Sir  H.  Davy  supposed  the  iodates  to  be  triple  compounds  of  the  hase  iodine  and 
eiygen.    PhU.  Trans.  IffM. 
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2.  Pbopebtiks. 

(a.)  It  deflagrates  an  burning  coal$;  heat  decomposes  it  and 
gives  22.59  oxygen,  and  77.41  of  iodide  of  potassium  remain.  It 
is  soluble  in  13^  parts  of  water  at  60^  Fahr. 

(&.)  Its  composition  is,  potassa  22.246,  iodic  acid  77.754. — H. 

The  iodaie  of  soda  is  formed  b  the  same  manner  as  the  iodate  of 
potassa.  It  is  anhydrous — ^is  in  cubical  grains,  and  consists  of  soda 
15.9,  and  iodic  acid  ^84.1. 

The  iodate  of  ammonia  is  formed  by  mingling  iodic  acid  and  am- 
monia or  its  carbonate ;  its  crystal  is  a  cube,  and  it  is  soluble  and  de- 
liquescent ;  it  follows  the  general  characters,  but  when  decomposed 
by  heat,  gives  out  equal  volumes  of  oxygen  and  nitrogen,  besides, 
iodine ;  and  water  must  doubdess  be  also  formed.  On  ignited  coals, 
it  detonates  with  a  feeble  violet  flame ;  heated  in  close  tubes,  it  often 
causes  them  to  burst.  Composition^  100  acid,  +  10.94  anmionia, 
or  gaseous  ammonia  2  volumes,  1  volume  iodine  vapor,  and  2}  of 
oxygen. 

All  the  insoluble  iodates  may  be  formed  from  this  by  double  de- 
composition— ^for  instance,  the  iodate  of  baryta,  by  mingling  iodate  of 
potassa  with  muriate  of  baryta.     Iodate  of  bary^  is  formed  also  by 
adding  iodine  to  a  barytic  soluuon,  when  it  falls  as  a  white  powder, , 
and  consists  of  acid  100,  and  baryta  60.62. 

HTDRioDATEs— composed  of  hydriodic  acid  and  bases. 

1.  General  characters. 

(a.)  Formed  by  adding  hydriodic  acid  to  the  solutions  of  alkalies 
and  alkaline  earths ;  the  products  are  soluble  in  water. 

(&.)  Also  by  adding  iodine  to  those  solutions  and  separating  the 
hydriodate  from  the  iodate  in  the  manner  already  described. 

fc.)  Not  changed  in  the  air. 
d.)  Decomposed  by  sulphuric  and  nitric  acids  ;  and  by  chlorine 
the  acid  itself  is  decomposed,  yielding  up  its  hydrogen,  and  thus  lib- 
erating iodine. 

U.)  The  hydriodates  of  potassa  and  soda  alone  are  found  native, 
ana  of  these,  the  hydriodate  of  potassa  is  the  most  common.* 

htbriodate  ov  potassa. 

1.  Preparation. 

(a.)  By  saturctling  the  acid  with  the  alkali. — ^The  usual  mode  of 
formation  has  been  already  described.  Dr.  Turner  has  given  the 
following  improved  process. 

(ft.)  After  saturating  the  hot  aqueous  solution  of  potassa  with  uh- 
dine^pass  through  it  a  stream  of  sulphuretted  hydrogen  gasj  to  coa- 


*  Dr.  Turner  and  Sir  H.  Davy,  in  Phil.  Trans.  1814. 
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Vert  the  iodate  into  bydriodate  of  potassa,  and  to  change  to  hy« 
driodic  acid,  the  free  iodine  which  renders  the  fluid  brown ;  when  the 
liquid  IS  limpid,  the  excess  of  sulphuretted  hydrogen  b  expelled  by 
a  gentle  heat,  and  after  filtering,  the  free  hydriodic  acid  is  saturated 
with  potassa. 

3.  Properties. 

(a.)  This  is  the  mast  important  of  the  hydriodates  ;  it  is  soluble  in 
%(yits  v>eight  of  water  at  60°,  and  in  much  less  at  212°, 

(ft.)  f^ery  soluble  in  alcohol;  exists j  as  is  believed^  only  in  solutum^ 
and  mere  crystallization^  or  perfect  desiccation  causes  the  oxygen  of  the 
potassa  to  unite  vnth  the  hydrogen  of  the  add^  to  form  water ^  while 
the  iodine  remains  in  union  with  the  potassium^  forming  an  iodide 
of  potassium,  m  perfect  analogy  with  the  muriates  and  chlorides. 

(c.)  Its  solution^  in  common  with  that  of  all  the  hydriodates,  cKf- 
solves  a  great  deal  ofiodine^  and  thus  acquires  a  brown  color. 

Its  composition  is  hydriodic  acid  100+  potassa  37,* 

IODIDE    OF    POTASSIUBI. 

1.  Formation. 

J  a.)  This  compound  is  very  easily  made^  by  simply  covering  Vfitk 
tne,  a  piece  oj  potassium,  lying  on  a  copper  plate;  the  action  b 
generally  spontaneous,  and  b  often  attended  by  combustion,  and  even 
explosion,  which  throws  the  burning  metal  about  in  jets,  accompa- 
nied by  violet  fumes.f 

(b.)  Formed  also  by  heating  the  iodate,  and  by  crystallizing  the 
hydriodate  of  potassa ;  the  theory  of  both  these  facts  has  been  al- 
ready given. 

2.  Properties. — Easily  fusible,  and  volatilized  below  ignition  ; 
deliquescent  J  readily  soluble  in  water,  but  by  the  decomposition  of  that 
fluia,  becomes  a  hydriodate,  just  as  a  chloride  becomes  a  muriate,  and 
again  by  a  pretty  strong  heat,  in  close  vessels,  becomes  an  iodide,  as  a 
muriate  becomes  a  chloride.  Soluble  in  good  alcohol,  without  change, 
and  by  gentle  evaporation,  small  cubical  crystals  of  iodide  of  potassi- 
um are  obtained,  composed  of  1  proportion  of  each  of  the  constitu^ 
ents,  potassium  404-  iodine  125=165  for  its  equivalent  number. 

Hydriodate  of  soda,  and  iodide  of  sodium  are  so  analogous,  in 
their  history  and  properties,  to  the  similar  compounds  of  potassa  and 


*  Or,  100 :  88 : :  126 :  48,  which  nearly  corresponds  with  the  equivalents  of  the 
acid  and  alkali. 

t  In  one  case,  in  my  own  experience,  a  test  tube,  containing  the  substances,  be- 
ing held  over  a  candle,  there  was  a  violent  action,  with  a  loud  report ;  the  tube  was 
brolcen  and  a  deep  brown  stafai  was  left  on  the  finger  and  thumb  by  which  it  wat 
held. 

Vol.  n.  11 
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poUMum,  that  it  is  not  necessary  to  pay  any  particular  attention  to 

them. 

»♦»*»♦♦ 

Hydriodate  of  amnumia  it  farmed  by  mingling  ike  aqueow  «oIii* 
iions  of  the  two  bodies;  it  is  composed  of  equal  volumes  of  the 
two  gases,  and  yields  cubical  crystals,  subliming  in  close  vessels, 
without  decobiposition,  like  sal  ammoniac. — Henry. 

•  •*«*** 

Iodide  of  ammonia  is  formed  by  the  contact  of  iodine  with  dry 
ammoniacal  gas ;  it  passes  from  a  metallic  aspect  to  deep  brownish 
red. — Id. 

iodide  of  nitrogen. 

1.  Prepakation. 

(a.)  JVb  direct  action  ;  formed  by  adding  iodine^  previously 
ground  fine  in  a  glass  mortar,*  to  good  strong  liquid  ammonia;  the 
change  takes  place  in  a  short  time ;  even  a  few  minutes  are  suffi- 
cient for  8  or  10  grains ;  it  is  then  thrown  upon  a  filter,  washed  and 
allowed  to  dry  gradually,  by  remaining  several  hours  or  through 
the  night  in  a  warm  room. 

(i.)  By  passing  ammoniacal  gas  over  iodine;  a  thick  brown 
fluid  results,  which,  on  being  dissolved  in  water,  lets  fall  the  fulmi- 
nating iodine. 

2.  Propertie^. 

(a.)  A  black  or  dark  brown  powdery  which  is  so  explosive  that  ii 
is  scarcely  possibUj  after  it  is  thoroughly  dry,  to  move  the  filters  wiihr 
o/ui  causing  a  detonation :  it  often  tears  them  to  pieces  during  its 
spontaneous  drying.f 

(b.)  Explodes  by  the  gendest  heat,  and  by  its  own  friction ;  also  on 
an  anvil  under  the  mere  weight  of  the  hammer,  (for  it  scarcely 
needs  a  blow,)  especially  if  a  little  dry  sand  be  mingled  with  it. 
When  it  explodes,  it  emits  a  flash  of  light  with  heat. 

3.  Composition. — In  consequence  (^the  decomposiium  of  the  amr 
WMMy  hydrogen,  with  a  portion  of  the  iodine,  forms  hydriodic  acid, 
while  the  nitrogen,  with  another  portion,  produces  the  fiilminating 
compound. 

It  is  supposed  by  M.  Colin  to  consist  of  1  proportion  of  nitrogen 
14,  +  3  of  iodme  126  X  3=376=389  for  its  equivalent  number. 


*  Thift  circumstance  I  find  necessary  to  a  unirorm  and  speedy  change  of  tbe  iodine 
into  the  fulminating  compound ;  if  the  iodine  is  dropped  in,  in  its  usual  state,  it  be- 
comes partly  fulminating,  and  remains  partly  unchanged. 

t  It  is  best,  while  holding  the  filter  by  its  edges,  to  detach  the  powder  befiwe  it  ia 
thoroughly  dry,  by  gently  bending  and  curving  the  paper,  when  it  may  be  reeeiv* 
ed,  in  portions,  on  several  separate  cards«  and  thus  there  is  a  greater  chance  of  hav* 
log  some  of  it  remain  till  it  is  wanted. 
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fVe  eoMiot  fail  to  be  airuck  with  the  afMlogy  between  cMorine 
and  iodine^  in  farmug  each  a  powerful  detowxtvi^  compound  with 
nitrogen.* 

lOBIBC   OF   SULPHUB. 

Formed  with  the  greatest  facility,  bv  fusing  a  mixture  of  iodine 
and  sulphur.  The  compound  has  a  dark  metallic  and  radiated  ap* 
pearance,  like  the  sulphuret  of  antimony.  It  is  decomposed  by  a  de- 
gree of  beat  greater  than  that  by  which  it  was  formed,  and  both 
constituents  rise  in  vapor.    Its  precise  constitution  is  not  known. 

iodide  of  phosphorus. 

1.  Preparation. 

(a.)  The  formation  of  this  compound  under  water  and  the  pro^ 
duction  of  hydriodic  acid  ha?e  beea  already  mentioned. 

(6.)  When  dry^  the  two  substances  unite  spontaneously  with  a  vig^ 
orous  actum^  and  with  considerable  heat,  but,  as  is  asserted,  without 
light,  provided  the  air  is  excluded. 

(c.)  I  have  never  failed  to  see  briUiant  light,  if  the  experiment  is 
conducted  in  the  following  manner ;  a  piece  of  phosphorus  is  placed 
in  a  wine  glass  and  quickly  covered  with  iodbe,  by  slidmg  it  from  m 
Bpatula  or  a  folded  paper ;  immediately  the  combination  takes  place 
with  a  splendid  combustion,f  and  iodbe  vapor,  mingling  its  fine  violet 
with  the  white  flame  of  the  phosphorus,  forms  a  beautiful  experiment 
The  substances  unite  in  several  proportions ;  with  1  phosphorus  and 
8  iodine,  the  color  is  orange  and  the  compound  melts  at  212^;  widi 
16  iodine  it  is  grayish  black  and  melts  at  84^;  with  24  iodine  it  is 
black  and  partially  fusible  at  1 15^. — Murray. 

(J.)  The  compound  of  iodine  and  phosphorus^  thrown  on  a  hoi 
shovel,  produces  a  splendid  combustion,  with  fine  iodic  vapors. 

htdro-carburet  of  iodine. 

1.  Discovert  and  preparation. 

(a.)  Mr.  FaradayX  exposed  iodine,  in  ohfiant  gas,  to  the  sobt 
rays,  and  colorless  crystals  were  formed;  no  hydrioduc  acid  was  pro- 
duced ;  the  residuary  gas  was  simply  the  defiant,  and  therefore  the 
new  compound  was  a  ternary  one,  of  iodine,  carbon  and  hydrogen. 
The  new  body  was  purified  by  bebg  washed  with  a  solution  of  pure 
potash. 


*  M.  S^nillfts  thinks  that  hoth  these  coir.poundt  coatftln  hydrogen;  *'  or  in  o&er 
words,  that  they  are  chloride  aud  iodide  of  ammonia."  Le  Globe,  Avril,  and  Lond. 
Fhil.  Mag.  Aug.  1829. 

t  The  light  probably  arises  from  the  combustion  of  the  phosphorus,  whfle  the 
heat  that  brings  on  the  combastion  is  evolTed  from  the  eomMoatioQ  of  the  two  bodies. 

t  Phil.  Trans.  1821. 
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(4.)  Formed  aUo^  by  M.  Sirullas,*  Jy  the  action  of  potastium  up' 
on  the  (dcoholic  solution  of  iodine,  and  by  adding  this  last  to  a  simi- 
lar solution  of  potassa.  It  wi)l  appear  in  the  section  upon  alcohol, 
that  this  fluid  is  now  regarded  as  a  compound  of  water  and  olefiant 

fjasy  or  of  1  proportion  of  oxygen,  2  of  carbon  and  3  of  hydrogen, 
t  is  supposed  that  the  elements  of  the  water  go  to  form  iodic  and 
hydriodic  acids,  while  a  portion  of  the  iodine  unites  with  the  nascent 
olefiant  ^as  and  forms  the  peculiar  compound. 

(c.)  Mr.  Scanlan  obtained  it  by  adding  potassa  to  the  alcoholic  so- 
lution of  iodine ;  theory  similar. — Murray • 

2.  Properties. 

(a.)  The  compound  of  Mr.  Faraday  is  a  white  crystalline  body; 
sweet  and  aromatic;  sinks  in  sulphuric  acid,  of  the  sp.gr.  1.85; 
friable ;  a  non-conductor  of  electricity ;  melts  and  sublimes  unchang* 
ed,  condensing  in  transparent  prismatic  or  plated  crystals. 

(i.)  With  a  high  heat  evolves  iodine;  not  very  combustible,  but 
bums  in  the  flame  of  a  spirit  lamp,  emitting  iodine  and  hydriodic  acid ; 
insoluble  in  water  and  in  acids  and  alkaUes ;  soluble  in  ether  and  al- 
coholj  and  crystallizable  from  these  solutions ;  the  alcoholic  solution 
is  sweet,  but  biting  and  sharp. 

(c.)  The  substance  obtained  by  M.  SeruUas  was  of  a  yellow  coIcnt 
ana  in  scaly  crystals,  with  a  pearly  lustre ;  that  procured  by  M.  Scan- 
lan was  similar  but  smelled  like  safli*on. 

3.  Composition. — According  to  Mr.  Faraday,f  it  is  iodine  1  pro- 
portion, 124-f-  olefiant  gas  1, 14=138,  which  is  the  equivalent  num- 
ber. 

Mr.  Faraday  was  led  to  the  discovery  of  this  substance  in  conse- 
quence of  his  success  in  forming  the  chlorides  of  carbon  by  exposure 
of  mixtures  of  chlorine  and  olefiant  gas  to  the  sun's  rays.| 

The  bodies  formed  by  iodine,  and  its  compounds  with  the  metals, 
will  be  mentioned  in  giving  the  history  of  those  substances ;  some  of 
them  are  possessed  of  very  lively  and  agreeable  colors,  and  have 
been  applied  in  the  arts  as  pigments  or  dyes. 

Polarity.— We  have  already  mentioned,  tliat  iodine  belongs  to 
the  positive  pole  of  the  electro^galvanic  arrangements,  and  that  it  is 
in  this  respect  similar  to  oxygen,  chlorine,  and  bromine,  the  only  sim^ 
pie  dectro-negative  bodies. 

Still,  when  the  compound  of  chlorine  and  iodine  is  galvanized,  the 
iodine  is  attracted  to  the  negative  and  the  chlorine  to  the  positive  pole. 


•  Ann.  de  Chim.  et  de  Phys.  Vol?.  XX  and  XXII. 

t  fniplifh  Jour,  of  Sci.  Vol.  Xlli.  |  Phil.  Trans.  1821,  72. 
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1.  It  is,  as  far  as  oiur  knowledge  goes,  an  element ^  do  fact  having 
yet  proved  it  to  be  compound* 

2.  It  has  analogies  to  other  prindplesj  but  is  on  the  whole  a  pecu- 
liar substance. 

3.  Its  affinities  are  very  numerous  and  energetic^  and  it  conse- 
quently forms  many  combinations. 

4.  It  resembles  the  metals  by  its  weighty  lustre  and  eolor^  and  by 
its  high  equivalent  number y  (124  or  125  J  there  being  only  four  metals 
that  have  higher  equivalents,  namely,  gold  200,  mercury  200,  colum- 
bium  144  and  uranium  208. 

5.  Although  a  heavy  solid,  it  is  volatile  and  odorous. 

6.  It  has  been  called  a  supporter  of  eombustionj  but  its  agency  in 
this  way  seems  limited;  potassium  and  a  few  other  things  bum  m  it 
with  the  usual  phenomena  of  combustion ;  in  its  power  of  uniting 
with  combustibles  and  metals,  it  resembles  sulphur,  phosphorus,  and 
potassium. 

7.  In  its  chemical  affections  it  is  very  analogous  to  chlorine. 

(a.)  It  forms,  like  that  body,  one  acid  wim  oxygen  and  another 
with  hydrogen. 


ib.)  It  destroys  vegetable  colors. 


produces,  with  iheiixed  alkalies j  salts,  which,  by  their  ac- 
tion on  combustibles,  strormy  resemble  the  chlorates. 
'  (d.)  The  iodides  have  dose  analogies  with  the  chlorides;  the  hy^ 
drtodates  with  the  muriates;  the  iodic  acid  with  the  chloric;  the  mh 
driodic  with  the  muriatic;  and  the  electrical  relations  of  the  tu>o  bod' 
ies  are  the  same. 

(e.)  Its  discovery  has  been  considered  as  afibrdmg  strong  support 
to  the  view  which  regards  chlorine  as  a  simple  substance. 

8.  Chlorine,  iodine  and  sulphur,  resemble  each  other,  in  forming 
with  oxygen  acids  whose  principles  are  more  strongly  united,  while 
with  hydrogen  they  form  other  acids  whose  elements  are  more 
easily  detached. 

9.  Sulphur  attracts  these  principles  m  the  following  order ;  oxy- 
gen, iodine,  chlorine,  the  first  having  the  strongest  attraction. 

10.  With  respect  to  hydrogen  the  order  of  attracdon  is  reversed. 

11.  Iodine  resembles  the  metals  in  its  physical,  and  oxygen  and 
chlorine  in  its  chemical  properties. 

12.  It  must  not  be  omitted  here,  although  it  is  mentioned  by  anti- 
cipation, that  iodine  bears  a  great  resemblance  to  bromine,  which 
will  be  next  described. 
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U8K8. 

(a.)  Iodine  is  a  beaui^  iubfeci  ^  fMosophieal  eaperimeiU; 
many  of  the  phenoiDena  coDDected  with  it  are  brilliant  and  all  are 
instructive.  After  oxygen,  hydrogen  and  chlorine,  perhaps  no  ele- 
ment has  such  extensive  alliances,  although  only  a  comparatively 
small  number  of  its  compounds  has  as  yet  been  found  native ;  but, 
it  may  be  expected  that  it  will  be  increased. 

(6.)  Jn  the  arts f  as  already  mentioned,  it  farm$  fine  colors,  pi^^ 
meats  and  dyes.  The  proto-ioduret  of  mercury  has  been  used  m 
England,  as  a  substitute  for  vermilion,  in  the  preparation  of  paper 
hangings,  and  a  compound  of  hydriodate  of  potassa  65,  iodate  of 
potassa  2,  and  ioduret  of  mercury  33=100,  has  been  employed  m 
printing  calico.* 

(c.)  In  v9tdicine  it  is  a  very  active  remedy. — ^Indeed  it  is  a  strong 
poison ;  6  grs.  proved  almost  too  much  for  M.  Orfila,  producii^ 
nausea,  vomiting,  kc. ;  but  he  was  relieved  by  large  doses  of  muci- 
lage, enemas,  be.  and  was  only  slightly  unweU  the  next  day.  70  or 
80  grs.  killed  dogs  in  4  or  5  days.  The  tincture,  48  grs.  to  1  oz.  of 
alo^l,  is  a  powerful  remedy  in  goitre  and  other  glandular  diseases. 
The  dose  of  the  tincture  is  from  10  to  15  drops  for  an  adult,  taken 
three  times  a  day,  in  syrup.  The  hydriodate,  with  excess  of  iodine, 
is  preferred  by  Dr.  Coindet;  36  grs.  of  the  hydriodate  and  10  of 
iodine  are  put  into  1  oz.  of  distilled  water,  and  from  6  to  10  drops  of 
the  solution  are  taken  three  times  a  day  in  half  a  glass  of  water. 
Iodine  is  so  powerful,  in  its  action  on  the  system,  that  caution  is  requi- 
site in  its  administration,  f  It  is  also  applied  externally  in  glandular 
afl^tions,  but  it  has  been  known  to  obliterate  some  important  glands. 

NATURAL  SOURCES  OF  IODINE. 

A  very  able  investigation  of  the  sources  of  iodine  in  nature,  was 
published  by  M.  G.  Claubry  in  the  Ann.  de  Chimie,  Vol.  XCIII, 
pp.  75,  118.  He  ascertained  that  it  exists  ready  formed  in  several 
varieties  of  fucus,  particularly  in  the  fucus  saccharinus,  and  that  the 
only  use  of  the  incineration  is  to  destroy  the  vegetable  matter,  and 
by  separating  the  crystallizable  salts  by  lixiviation,  we  obtain  the 
iodic  salts  in  a  concentrated  state.  The  Jucus  serratusy  and  fucus 
digitatus,  contain  a  hydriodate  ready  formed,  and  most  sea  weeds 
afibrd  it,  as  the  fucus  nodosus,  and  palmatus.  Fyfe,  Edinb. 
Jour.  VI.|     Starch,  as  akeady  mentioned,  is  the  usual  test,  and 


•  Am.  Jour.  Vol.  XV,  p.  894. 

t  Dr.  Coxe't  Dimnaatory.    Am.  Jour.  Vol.  II,  p.  895. 

1 1  have  obtained  U  abundantly  from  the  iueut  vedculotui. 
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it  detects  iodine  in  the  juices  of  some  plants,  in  others  oulj  after 
incineration.  It  e^sts  in  sponge,  and  hence  the  use  of  burnt 
sponge  in  bronchocele.  It  is  said  to  exist  in  peat,  in  the  oyster, 
and  in  some  other  marine  molluscous  animals.  It  has  been  found 
in  some  mineral  springs,  as  at  Sales  in  Piedmont,  which  had  long 
been  famous  for  the  cure  of  goitre,  and  scrofulous  affections.  It 
has  been  recently  discovered  in  the  mineral  waters  of  Saratoga, 
New  York.  Am.  Jour.  Vol.  XVI,  p.  242.  Mr.  Tennant  found  it 
in  the  sea  water ;  it  has  been  discovered  in  common  salt.  Murray^s 
Chem.  Vol.  I,  p.  707.  Vauquelin  found  it  in  the  proportion  of  IS 
per  cent.,  in  the  silver  ore,  called  the  virgin  ore  of  serpentine,  suppos- 
ed to  be  from  a  mine  in  Mexico.* 

Its  true  source  appears  to  be  m  the  mineral  kingdom,  wiienee  it 
is  transferred  to  the  vegetable,  and  it  is  therefore  probable,  that' it 
will  here^^er  be  found  in  other  combinations. 

I  examined  the  bittern  of  the  Syracuse  salt  fountains  in  the  inte* 
rior  of  the  state  of  New  York,  without  finding  iodine,  and  Mr.  Smith 
was  not  successful  in  detecting  it  in  the  samphire,  a  marine  planty 
which  grows  about  the  New  York  salines.  Am.  Jour.  Vol.  XV,  p.  12, 

It  is  probable  that  the  properties  of  mineral  waters,  and  of  com- 
mon salt,  are  often  affected  by  the  presence  of  iodme. 

It  is  remarkable  that  so  many  of  the  most  active  and  important 
dementary  bodies  should  have  been  discovered  within  fifQr  years  of 
each  other,  and  within  litde  more  than  sixty  years  of  the  present 
time:  hydrogen  1766;  nitrogen  1772;  oxygen  and  chlorine  1774; 
potassium,  sodium,  and  the  metalsof  the  earths,  1607-8 ;  iodine,  1812, 
and  bromine,  1826. 

Without  a  knowledge  of  these  bodies,  the  scienoe  of  chemntrj 
would  scarcely  be  said  to  exist. 

Mr.  Fyfe  obtained  iodine  from  the  ulva  umbilicaUs,  Srom  a  specie» 
oJf  conferva,  from  the  plantago  maritima,  and  arenacea  peploides* 
The  common  sponge  of  the  shops  gave  iodine  vapors,  by  pouring 
sul|diuric  acid  upon  the  ashes  of  the  substance.  The  iodine  in 
sponge  is  not  in  a  condition  to  be  dissolved  out  by  infusion  in  wat^^ 
for  the  sponge  after  soaking  in  water  yields  iodine  firom  its  ashes,  and 
the  infusion  of  the  fucus  serratus  and  fucus  digitatusj  affi>rd8  iodine 
by  sulphuric  acid  aided  by  heat. — Fjife. 


*  AfiD.  de  Chim.  et  de  Phyi.  Yol.  XXIX,  ud  XCIX. 
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BROMINE. 

1.  Name.* — From  0p«M^,  in  allusion  to  its  disagreeable  odor. 

2.  History. — Discovered  by  Mr.  Balard,  a  young  chemist  of 
Montpelier,  whose  account  of  it  appeared  in  1826.f 

As  in  its  properties,  it  bears  a  strong  analogy  to  chlorine  and  iodme, 
it  appears  to  have,  in  general,  similar  natural  associations,  being  found 
in  Uie  waters  of  the  sea,  and  of  salme  springs. 

3.  Extraction. 

(a.)  Bromine  exists  in  sea  water,  in  the  state  of  hydro^ramic 
acid,  united  as  its  discoverer  believes,  to  magnesia. 

(&.)  Chlorine  detects  bromine  by  uniting  with  the  hydrogen  of  the 
hyarthbromic  acid,  and  thus  liberating  the  bromine. 

(c.)  Through  the  concentrated  washings  of  the  ashes  of  marine 
plants,  or  the  uncrystallizable  fluid  of  the  salt  pans  called  bittern, 
pass  a  stream  of  ctUorine  gas,  and  the  bromine  wdl  be  indicated  by  a 
deep  reddish  yellow  color  and  a  peculiar  odor.  At  ebullition,  the  vol- 
atile vapor,  which  in  color  resembles  that  of  nitrous  acid,  will  rise,  and 
being  made  to  pass  over  dry  muriate  of  lime,  is  condensed  in  an  ice- 
cold  receiver. 

{d.)  A  better  process  is  by  ether,  potassa,  and  sulphuric  acid; 
thus ;  through  the  bittern  liquor  pass  chlorine  gas  ;  agitate  it  toith 
sulphuric  ether,  which  should  Jill  the  flask,  and  will  dissolve  the  bro- 
mine ;  after  repose,  it  will  fl>oat,  exhibiting  a  fine  hyacinth  red  col- 
or. Next,  agitate  the  edierial  solution  with  some  potassa;  the 
etherj  will  lose  its  color  and  the  bromine,  in  the  condition  of  hydro- 
bromic  and  bromic  acid  will  combine  with  the  potassa.  If  the  alka- 
line solution  is  strong,  bromate  of  potassa  will  precipitate,  and  on 
evaporation,  cubical  crystals  of  hydro-bromate  of  potassa  are  obtain- 
ed, which  are  distilled  with  oxide  of  manganese^  and  sulphuric 
add,  diluted  with  an  equal  weight  or  volume  of  water.  A  small  re- 
ceiver nearly  full  of  water  is  kept  cool  by  ice,  and  the  bromine  con- 
densing in  blackish  red  drops,  first  in  the  cold  beak  of  the  retort,  falls 
to  the  bottom  of  the  water  which  is  then  decanted,  and  the  bro- 
mine is  agam  distilled  from  ofif  dry  muriate  of  lime  ||.  The  bromic 
vapor  and  a  portion  of  that  which  falls  m  drops  are  dissolved,  but  the 
contiguous  water  is  soon  saturated. 

.  *  Called  at  first  muride  from  its  marine  origin ;  then  brome  in  analogy  with  the 
French  chlore  and  lode,  which  in  English  is  changed  into  bromine,  to  correspond  with 
chlorine  and  iodine. 

t  Ann.  de  Chim.  et  de  Phys.  Aout,  1826. 

t  The  same  ether  may  be  used  again  to  dissolve  more  bromine,  and  thus  the  bro- 
mic portion  of  a  large  portion  of  water  may  be  concentrated  into  a  small  compass. 

§  in  exact  accordance  both  with  the  theory  and  practice  for  obtaining  iodine ;  the 
•ulphuric  acid  uniting  with  the  potana,  and  the  oxygen  of  the  oxide  of  maaganete 
witn  the  hydrogen  of  the  hydro-bromic  acid,  liberates  the  bromine. 

II  M.  Baiard's  Memoir,  Ann.  de  Chim.  et  de  Phyi.  Aug.  1826. 
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4.  Properties. 

(a.)  At  the  common  temperature^  iif  seen  by  reflected  light  or  in  a 
mass,  bromine  ia  a  fluid  of  a  dark  or  blackish  red  color;  but  by  light 
transmitted  througn  a  thin  film  it  is  hyajdnth  red. 

{h.\  Congeals  between  OR  and  — 4°  F.  and  becomes  britfle. 

(c,)  Volatile;  a  drop  or  two  will  611  an  empty  glass  vessel  wiA  red 
vapors  J  like  those  of  nitrous  acid ;  boils  at  116^.5  F.;  odor  intense 
and  disagreeable,  a  little  resembling  that  of  chlorine ;  taste  unplea»* 
ant  and  powerful. 

{d.)  Corrodes  the-skin  and  the  animal  texture,  producing  a  tran- 
flient  yellow*  stain ;  if  the  contact  is  continued  longer,  it  vanishes  only 
when  the  epidermis  is  renewed ;  it  acts  on  wood  and  cork. 

{e,\  Very  poisonous;  a  single  drop  placed  in  the  beak  of  a  bird 

(/.)  Sp.  gr.  nearly  3.,  tulphurie  add  floats  upon  it;  soluble  m 
water  and  alcohol,  but  more  especially  in  ether. 

{g.^  It  is  not  add;  but  like  chlorine  it  bleaches  litmus  paper  and 
even  mdigo. 

(A.)  A  non-conductor  of  electridty;  in  a  column  of  the  breadth  of 
3  or  4  lines,  it  intercepts  the  galvanic  decomposition  of  water ;  likt 
oxygen,  chlorine  and  iodine,  it  resorts  to  the  positive  pole  of 
the  galvanic  battery  j  it  is  therefore  electro-negative. 

(i.)  JVot  decomposed  by  ignition^  electridty  or  galvanismj  and 
therefore  admitted  as  an  elementary  body. 

(J.)  A  candle  does  not  bum  long  in  its  vapor;  before  extinction, 
the  flame  acquires  a  green  base  and  a  red  top. 

(k.)  Its  action  on  metals  and  their  oxidesf  is  nmitar  to  that  of 
Marine;  tm  and  antimony  bum,  and  potassium  flashes  and  explodes 
in  it. 

(/.)  Heated  in  contact  with  potassa^  soda  or  Kmej  its  vapor  pro^ 
duces  incandescence,  while  it  combines  with  the  metallic  bases  and 
forms  a  bromuret  or  a  bromide. 

(m.)  Bromine  is  but  little  solMe  in  sulphuric  add,  and  when  the 
vessel  is  not  perfectly  tight,  it  can  be  best  preserved  by  being  kept 
under  that  fluid. 

Remarks. — ^There  is  so  much  analogy  between  chlorine,  iodine, 
and  bromine,  that  the  latter  was  suspected,  even  by  its  discoverer,  to 
be  a  compound  of  the  two  former ;  but  there  seems  good  reason  to 
regard  bromine  as  a  new  element,  and  this  is  the  opinion  expressed 
by  those  eminent  chemists,  Vauquelin,  Gay-Lussac  and  Thenard,  in 
their  report  upon  M.  Balard's  memoir.]:     Chlorine  expels  bromme 

*  Resembling  that  of  iodine,  but  leas  deep  and  permanent. 

t  It  acta  witn  lew  energy  upon  the  ozide!i  than  upon  their  metali^ 

X  Ann.  de  Chim.  et  de  Pbyi.  Tom.  XXXII.  p.  383. 
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from  its  combinations,  and  bromine  expels  iodine  ;  it  is  therefore  be- 
tween them  in  power  of  affinity  ;  it  is  intermediate  also  in  its  ordi- 
nary form  of  existence,  at  common  temperatures,  for  chlorine  is  a 
gas,  bromine  a  fluid,*  and  iodine  a  solid  ;  they  are  all  colored.  The 
resemblance  between  them  will  be  still  more  apparent  in  stating  the 
most  important  combinations  of  bromine ;  for  like  iodine  and  chlo- 
rine, it  possesses  numerous  and  energetic  affinities. 

HTDRO-BROMIC  ACID. 

1.  Preparation. — This  acid^  as  its  name  implies,  it  a  compound 
ofhydrc^en  and  bromine  ;  it  may  be  formed  directly  and  indirectly. 

(a.)  Hydrogen  gas  and  bromine  in  vai^^  do  not  combine  by  the 
solar  rays ;  they  unite  by  contact  toitk  a  lighted  candle  or  an  ignited 
ironj  but  only  in  the  vicinity  of  the  hot  body  and  without  combustion. 

(fr.)  By  mingling  vapor  ofbr&mine  with  hydriodic  acid,  or  sulphu- 
retted or  phosphuretted  hydrogen,  there  is  an  inunediate  decomposi- 
tion, and  hydro-bromic  acid  is  generated. 

(c.)  By  bromine  and  phosphorus,  mingled  and  moistened  ;  just  as 
happens  with  iodine,  water  is  decomposed  and  hydro-bromic  gas  is 
generated  ;  a  gende  heat  expels  it,  and  it  is  collected  in  dry  bottles 
or  over  mercury,  which  scarcely  acts  upon  it ;  unlike  the  hydriodic 
acid  gas  which  is  decomposed  by  that  metal. 

2.  Properties. 

(a.)  A  gas,  colorless  and  very  acid;  smell  pungent,  and  excites 
coughing. 

(&.)  Produces  in  the  air  white  vapors,  more  dense  than  those 
formed  by  muriatic  acid  gas. 

(c.)  Very  soluble  in  water;  much  heat  is  generated  during  the  com- 
bination, and  a  dense  fuming  acid  is  produced  ;  it  is  colorless,  but  ac- 
quires color  from  more  bromine,  which  it  dissolves  in  large  quantities ; 
by  heat,  the  gas  is  in  part  expelled. 

(d,)  Does  not  decompose  water,  even  when  its  vapor  is  passed 
with  steam,  through  an  ignited  glass  tube. 

(e.)  Oxygen  does  not  decompose  it  with  the  same  treatment. 

(/.)  Iodine  has  no  effect ;  adorine  decomposes  it,  forms  muriatic 
acid  and  liberates  bromine  in  red  vapors,  which  condense  in  drops. 

(^.)  Nitric  acid  produces  a  similar  result,  but  more  tardily ;  pro- 
bably water  is  decomposed  and  nitrous  acid  evolved ;  it  forms  a  kind 
of  aqua  regia,  dissolving  gold. 

(A.)  Tin,  with  a  gentle  heat,  and  potassium,  spontaneously  de- 
compose it — a  bromide  is  formed  and  pure  hydrogen  gas  left. 

*  Ami  is  the  only  permanent  simple  fluid,  except  mercury,  with  which  ire  are 
acquainted. 
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{%.)  In  this  case,  the  gas  is  diminished  one  half  in  volume^  which 
proves  that  ii  is  composed  of  eqtud  volumes  of  hromic  vapor  and  hy- 
drogen gas.  This  is  confirmed  by  the  fact,  that  when  hydriodic 
acid  gas  is  decomposed  by  bromine,  the  hydro-bromic  gas  formed, 
occupies  the  same  volume. 

(}'.)  By  weighty  it  is  believed  to  be  composed  of  1  equivalent  of 
each;  1  of  bromme  75,*  and  1  of  hydrogen  1=76,  for  its  equiv- 
alent.f 

Uc,)  Hydro-bromic  acid  gas  has  a  composition  analogous  to  that 
of  hydriodic  and  muriatic  acid  gases. 

(/•)  Bromine  attracts  hydrogen  less  powerfully  than  chlorine^  but 
more  so  than  iodine^  as  is  evident  from  the  decompositions  already 
stated. 

(m.)  Oxygen  and  bromine  have  an  affinity  nearly  equal  for  hy* 
drogen  ;  bromine  cannot  decompose  water  nor  oxygen  hydro-bromic 
acid.J 

HTDBO-BROMATES. 

They  are  composed  of  the  hydro-bromic  add  and  basesj  for  this 
acid  unites  with  the  alkalies  and  earths;  but  little  is  known  of  die  salts. 

Owing  to  the  removal  of  the  hydrogen  and  the  disengagement  of 
bromine,  the  hydro-bromates  become  yeUoWj  when  chloric  or  nitric 
acid,  or  especially  chlorine  acts  upon  them. 

Solutions  of  the  nitrates  of  lead,  of  silver,  and  of  protoxide  of  mer- 
cury, (which  give  such  fine  colors  with  the  hydriodic  acid  and  with 
the  hydrlodates,)  produce  only  white  precipitates  with  these  metalKc 
salts ;.  they  are  regarded  as  bromides. 

The  principal  one,  namely,  the  hydro-bromate  of  potassa  has  been 
already  mentioned.  It  is  formed  by  agitating  the  etherial  solution  of 
bromine  with  caustic  potash.  Its  crystals  are  cubes ;  they  are  de- 
composed by  sulphuric  acid,  which  disengages  the  hydro-bromic 
acid,  mixed  with  some  sulphurous  acid. 

Hydro-bromate  of  ammonia  results  from  mingling  the  two  gases  in 
equal  volumes ;  like  other  ammoniacal  salts,  this  is  volatile ;  its  crystals 
are  long  white  prisms,  and  it  becomes  yellow  and  acid  by  exposure 
to  the  air. 

The  hydro-bromates  of  the  earths  are  not  much  known ;  that  of 
magnesia  is  uncrystallizable,  deliquescent,  and  decomposable  by  heat ; 
that  of  baryta  is  soluble  in  alcohol  and  in  water,  and  forms  mamillary 
masses. 


*  76  is  nearly  intermediata  between  86,  the  eqnivaleat  of  chlorine,  and  124  or  125, 
that  of  iodine.  t  L.  U.  K. 

;  For  other  particalars  respecting  hydro-bromic  acid,  reference  may  be  had  to  M. 
BaJard's  original  memoir. 
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bromic  acid  and  bromates. 

1.  Preparation. 

(a.)  It  has  been  already  stated,  that  hy  agitating  bromine  or  its 
etherial  solution  in  contact  with  tolutton  of  potassa^  sufficiently 
concentrated,  the  water  yields  its  elements  to  the  bromine ;  with  the 
hydrogen  it  formi  hydro^bromic  acidj  and  with  the  oxygen  bromic 
acidf  and  two  aaUs  are  prodticedj  the  hydro-bromate,  which  remains 
in  solution,  and  the  bromate  which  falls  in  a  white  powder. 

(6.)  This  salt,  on  red  hot  coals,  deflagrates  like  nitre;  with  nilr 
phur  it  detonates f  by  percussion  ;  by  heat,  oxygen  gas  is  expelled  and 
a  bromide  of  potassium  remains  ;  it  gready  resembles  the  iodates  and 
chlorates. 

(c.)  It  is  so  far  soluble  in  boiling  water,  as  to  throw  down  groups 
of  needle  crystals  on  cooling. 

(d,)  Decomposed  by  sulphurous  acid  and  sulphuretted  hydrogen, 
which  attract  its  oxygen  ;  and  by  hydro-bromic  and  muriatic  acids. 

(e,)  Bromate  of  potassa  does  not  precipitate  the  salts  of  leadj 
which  are  abundandy  precipitated  by  the  hydro-bromate. 

(/.)  The  bromates  of  the  other  aikalies  and  earths,  except  magna* 
sia,  are  formed  in  a  similar  manner;  and  an  aqueous  solution  of  the 
compound  of  bromine  and  chlorine,  placed  in  contact  with  potassa  or 
baryta,  instandy  produces  a  bromate  of  the  alkali  or  earth. 

(g.)  The  bromate  of  baryta  is  easily  decomposed  by  diluted  sul- 
fhwric  add;  the  earth  is  precipitated  and  bromic  acid  remains  in  so- 
lution. 

2.  Properties  or  bromic  acid. 

(a.)  Evaporated,  it  becomes  of  a  syrupy  consistence,  and  if  the 
beat  be  pushed  to  extremity,  it  is  decomposed  into  bromine  and  oxy- 
gen; so  that  water  appears  to  be  necessary  to  its  existence ;  similar 
effects  happen  when  the  evaporation  of  the  water  in  a  vacuum  is  aid- 
ed by  the  attraction  of  sulphuric  acid  for  aqueous  vapor. 

{b*)  Very  acid,  but  not  caustic ;  nearly  inodorous ;  reddens  and 
then  bleaches  litmus  paper. 

(c.)  Nitric  acid  scarcely  affects  it ;  the  strong  sulphuric  acid,  aid- 
ed by  the  heat  which  it  produces,  disengages  oxygen  and  bromine^ 
and  thus  decomposes  it. 

(d.)  The  bromic  acid  precipitates  white,  the  salts  of  lead  and  #il- 
ver,  and  the  precipitate  is  soluble  in  a  litUe  water,  wUle  that  by  the 
hydro-bromic  acid  with  the  same  metals  is  insoluble ;  like  the  bro<* 
.mate  of  potassa,  it  gives  a  white  precipitate  with  proto-nitrate  of  mer- 
cury. 

fe.)  Its  composition  is  very  similar  to  that  of  the  iodic,  chloric, 
ana  nitric  adds  ;  that  is,  i^  is  composed  of  one  equivalent  of  bromine, 
75,  and  5  of  oxygen,  40 =11 5,  its  equivalent. 

(/•)  No  oxide  of  bromine  appears  to  have  been  as  yet  discovered. 
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BBOnDXB  D&  BXOICUBSTS. 


These  are  compimnds  of  bromine  tmih  bases.. 
(a.)  Bromine  has  a  strong  attraction  for  metallic  substancesj  aod 
it  acts  upon  some  of  them  with  more  energy  than  iodine,  but  gener- 
ally with  less  than  chlorine  ;  its  action  has  been  already  mentioned 
with  respect  to  tin,  antimony,  and  potassium. 

ib.)  In  the  vapor  of  bromine,  potassium  disengages  heat  and  light, 
even  detonates ;  the  result  is  a  bromide  of  potassium, 
(c.)  The  same  compound  b  formed  by  heating  the  hydro-bromate 
to  dryness,  or  evaporating  the  solution  until  it  crystallizes,*  in  analo- 
gy with  the  conversion  of  the  muriates  into  chlmdes,  and  of  the  io* 
dates  and  hydriodates  into  iodides  or  iodurets. 

frf.)  Also  by  decomposing  the  hydro-bromic  acid  by  potassium. 
6.)  The  bromide  of  potassium  has  a  sharp  taste,  decrepitates  by 
heat,  and  suffers  the  aqueous  fusion  unchanged. 

(yV)  Chlorine  displaces  the  bromine ;  iodine  cannot  do  it,  while 
ftromtite,  oil  the  contrary,  disengages  iodine  from  the  iodide  of  po^ 
tassium,  with  abundant  violet  vapors ;  this  setdes  the  order  of  their 
affinities  in  this  case,  which  corresponds  with  their  relative  energy  in 
other  instances. 

(g.)  The  bromide  of  potassium,  by  solution  in  water,  becomes  hy-^ 
dro^romate  ofpotassa  ;  the  theory  is  the  same  as  in  the  case  of  iodine 
and  chlorine. 

(A.)  Bromine,  aided  by  heat,  decomposes  most  of  the  metallic  oa> 
ides,  expels  the  oxygen  and  forms  bromides  of  the  metals. 

(t.)  It  has  been  already  mentioned,  that  when  passed  in  vapor 
over  ignited  potassa,  soda,  baryta  and  lime,\  it  acts  with  bcandes- 
cence,  evolves  oxygen  gas  and  forms  bromides. 

{j.)  Bromine,  in  the  same  manner,  decomposes  the  alkaline  car- 
bonates, disengaging  both  carbonic  acid  and  the  oxygen  gas. 

(A.)  Bromine  acts  upon  weak  solutions  of  alkalies  to  form  a  bro* 
mwe  of  the  oxide;  not  of  the  base ;  and  the  bromine  is  easily  disen- 
gaged from  the  combination,  even  by  weak  acids,  as  the  acetic,  just 
as  happens  with  the  chlorides. 

(/.)  We  have  already  seen  that  vnth  concentrated  alkaline  solu- 
dons,  bromine,  like  chlorine,  forms  two  salts,  and  in  both  cases,  from 
the  decomposition  of  water. 

Jm.)  The  bromates  correspond  unth  the  iodates  and  the  chlorates  ; 
I  the  hydro-bromates  vsith  the  hydriodates  and  muriates. 
(n.)  The  bromides  correspond  with  the  chlorides  and  iodides. 


*  It  is  supposed  that,  as  in  the  case  of  the  muriates,  the  hydrogen  of  the  acid  and 
the  oxygen  of  the  oxide,  form  water,  while  the  bromine  and  the  metal  combine, 
f  Magnesia  and  zirconia  could  not  be  decomposed  in  this  manner. 
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CHLORIDE  or  BROmHE. 

1.  Preparation. — By  passing  chlorine  through  bromine  and 
condensing  the  volatile  vapor  by  cold. 

2.  Properties. 

(a.)  A  reddish  yeUow  liquid;  its  color  less  intense  than  that  of 
bromine;  odor, penetrating;  its  taste  very  disagreeable. 

(6.)  P^ery  fluid  and  volatile;  the  color  of  its  vapor  like  that  of 
oxide  of  chlorine^  and  unlike  the  red  hue  of  bromine ;  provokes  tears. 

fc.)  Metals^  finely  divided^  hum  in  the  vapor. 

yd.)  Soluble  in  water ^  and  produces  a  simUar  color  and  odor  to 
its  own;  it  bleaches  litmus  without  reddening  it,  and  consists  there- 
fore of  the  chloride  dissolved,  and  not  decomposed  and  acidified. 

(e.)  The  alkalies  produce  in  this  compound  bromates  and  hydro- 
chlorates^  (muriates,)  by  the  decomposition  of  water. 

BROMIDE  OF  IODINE. 

Bromine  and  iodine  readily  unite*  and  form  a  solid  compound^ 
from  which  heat  produces  brownish  red  vapors,  condensmg  in  crys- 
tals  of  the  same  color  and  in  form  resembling  fern  leaves. 

More  bromine  causes  this  compound  to  pass  to  the  condition  of  a  li- 
quid resembling  the  hydriodic  acid,  holding  iodine  in  solution.  It  is 
soluble  m  water  without  decomposidon,  and  bleaches  without  red- 
dening litmus.     Alkalies  convert  it  into  hydro-bromate  and  iodate. 

BROMIDE  OF  PHOSPHORUS. 

Even  in  a  flask  filled  with  carbonic  acid  gas  bromine^  placed  in  con- 
tact with  phosphorus,  combines  with  it,  emitting  heat  and  light;  a  crys- 
talline solid  sublimes  and  a  liquid  subsides ;  the  latter  is  a  proto-,  the 
former  a  deuto-bromide  of  phosphorus. 

The  proto-bromide  remains  fluid  at  - 16°  centigrade ;  it  is  very  vol- 
atile ;  it  dissolves  more  phosphorus  and  becomes  capable  of  inflaming 
combustible  bodies;  water  produces  with  it  hydro-bromic  acid,  which 
is  evolved  in  gas  if  only  a  few  drops  are  employed,  but  if  much  is  used 
the  gas  is  dissolved. 

The  deuto-bromide  of  phosphorus  is  a  yeUow  solid,  becoming  a 
red  liquid  with  a  mild  heat,  giving  rhomboidal  crystals  by  cooling,  and 
needles  by  the  condensation  of  its  vapor,  which  is  dense  and  pun- 
gent ;  water  produces  heat  with  it  and  generates  hydro-bromic  and 
phosphoric  acids. 

Chlorine  decomposes  both  these  bromides,  evolving  bromic  vapors; 
bromine  eflects  the  same  with  the  iodide  of  phosphorus,  but  iodine 
cannot  in  turn  decompose  the  bromides  of  phosphorus. 

*"  It  is  supposed  there  are  two  compoundf . 
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BBOMIBC  OF  SUI^PHUR. 

Formed  by  adding  bromine  tojUywers  ofttdphur. 

It  is  a  dense  liquid,  deeper  colored  than  the  chloride  of  sulphur, 
and  like  it  difiiises  white  vapors. 

On  water  it  acts  gently  in  the  cold ;  with  energy  at  ebullition,  pro- 
ducing a  slight  detonation,  and  by  the  decomposition  of  water  hydro- 
brpmic  and  sulphuric  acids  and  sulphuretted  hydrogen  are  generated. 

TTiis  compound  is  decomposed  by  chlorine^  tokich  causes  bromic  va- 
pors to  be  evolved  and  forms  a  chloride  of  sulphur. 

BROMIC  ETHER. 

A  drop  of  bromine  let  fall  into  a  flask  of  oleflant  gas  disappears 
and  produces  an  oily  substance  heavier  than  water,  destitute  of  the 
odor  of  bromine  and  having  a  more  agreeable  odor  than  chloric  ether. 
It  is  very  volatile ',  is  decomposed  by  passing  through  an  ignited  tube, 
deposits  carbon  and  evolves  hydro-bromic  acid ;  it  is  combustible. 
The  formation  of  this  bromic  ether  is  another  strong  point  of  coinci- 
dence with  chlorine ;  there  is  an  analogous  fact  with  respect  to  iodine, 
but  the  compound  appears  not  to  possess  the  qualities  of  an  ether. 

MISCELLANEOUS.'^ 

Bromine  is  soluble  in  acetic  acid.  Distilled  with  essential  oils,  as 
of  turpentine  and  anise,  it  produces  heat,  forms  hydro-bromic  acid 
and  converts  the  oil  into  a  resinous  matter  like  turpentine.  Camphor 
is  soluble  in  bromine  and  by  cold  crystallizes.  Bromine  alters  the 
most  solid  colors,  changing  them,  like  chlorine,  to  yellow. 

There  can  be  litde  doubt  that  bromine  must  have  medical  virtues 
although  they  have  not  been  ascertained. 

M.  Balard  obtained  bromine  from  the  plants  that  grow  along  the 
Mediterranean,  and  particularly  from  those  that  had  afibrded  iodine. 

He  found  it  in  the  ashes  of  some  animals,  especially  in  those  of 
the  jacintha  violacea,  one  of  the  testaceous  mollusca  from  the  Island 
of  St.  Helena.f 

*  In  the  London  Philosophical  Magazine,  for  August  and  October,  1829,  there  are 
fleveral  notices  of  new  compounds  of  bromine,  or  of  new  modes  of  forming  them. 
M.  $6ru1las  has  succeeded  in  combining  it  with  carbon,  in  which  the  discoyerer, 
M.  Balard,  did  not  succeed ;  but  these  details  appear  not  to  be  particularly  impor- 
tant. Bromine  is  still  very  scarce  and  dear,  at  least  in  this  country.  I  have  Just 
obtained  from  Paris,  two  vials,  containing  each,  not  more  than  a  thimble  full; 
the  price  delivered  here,  was  eight  dollars  for  both.  Still,  as  bromine  is  an  interest- 
ing body,  and  exists  widely  difiiised,  although  it  would  appear  in  small  proportion,  it 
is  not  improbable  that  it  will  be  obtained  m  greater  quantities.  It  is  said  that  M. 
Balard  now  manufactures  it  in  Paris  at  23  francs  the  ounce. 

f  Mr.  Balard  found  bromine  in  a  saline  mineral  water  of  die  eastern  Pyrenees,  and 
it  has  been  discovered  by  Mr.  John  Murray,  and  also  by  Dr.  Daubeny  in  several 
mineral  waters  in  England,  particularly  in  those  of  Cheltenham  and  Gloucester. 
Mr.  Murray  found  bromine  along  with  iodine  in  the  brine  springs  at  Ingisterie,  and 
bromine  in  the  saline  waters  of  Bex  in  Switzerland.    For  eighteen  months  past. 
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Aoftire  of  Bromine. 

It  has  been  rendered  obvious  by  the  preceding  details,  that  bromine 
b  a  new  principle ;  elementary  as  far  as  we  know,  and  so  analogous 
to  chlorine  and  iodine,  that  it  is  well  entitled  to  be  ranked  with  them. 

Its  range  of  combination  b  extensive,  and  its  energy  of  attraction 
considerable ;  in  general,  it  presents  with  other  bodies,  results  extreme- 
ly similar  to  those  produced  b^  chlorine  and  iodine,  and  as  the  discov- 
ery of  iodine  and  of  its  chemical  relations,  added  much  weight  to  the 
then  new  theory  respecting  the  nature  of  chlorine ;  so  the  discovery 
of  bromine  has  greatly  confirmed  the  views  entertained  respecting 
both  iodine  and  chbrine,  and  the  three  are  connected  by  relations  so 
intimate  as  to  have  scarcely  a  parallel  among  elementary  bodies. 

1LEMA1LK8    ON   COMBUSTION. 

1.  dmbustion^  as  commonly  understood  by  mankind,  is  the  emis- 
sion of  heat  and  lights  during  the  apparent  consumption  of  certain 
bodies^  or  during  their  change  to  such  a  state^  thai  they  cease  to  hum. 

The  bodies  that  undergo  this  change  are  called  combustible,  and 
those  that  appear  incapable  of  it  are  regarded  as  incombustible. 

2.  It  b  well  known  that  the  air  is  necessary  to  the  process,  and 
that  thb  knowledge  is  generaUy  difiiised,  appears  in  the  appropriate 
construction  of  fire  places,  and  of  the  furnaces  of  the  arts. 

3.  Mankind  are  familiar  vnth  the  distinction  between  combustible 
and  incombustU)le  bodies ;  they  are  aware,  from  every  day^s  experi- 
ence, that  all  organic  and  several  mineral  bodies,  as  sulphur  and  coal, 
belong  to  the  former ;  and  it  b  even  known  that  some  of  the  metab, 
as  zinc  and  antimony,  are  of  the  same  class. 

4.  It  is  not,  however,  commonly  understood,  that  ail  the  metals  are 
combustible,  and  that  the  rocks  and  stones,  and  even  water,  contain 
inflammable  matter,  in  a  disguised  state ;  and  in  short,  that  all  the  ele- 
mentary bodies,*  exceptmg  four,f  will  bum. 

M.  Hennuin  his  made  it  for  mie,  from  the  salt  sprinn  of  Schonebeck.  Ann.  der 
Phvf.  XIV.SIS.— J.  G. 

Dr.  Daubeny  discovered  bromine  in  one  of  the  Cheshire  brine  8|mngB,  and  iodine 
in  two  or  three  of  the  principal ;  it  appears  to  be  so  frequent  in  the  English  purga- 
tive springs  that  he  concludes,  it  is  probably  absent  from  none  of  them  which  contain 
much  common  salt  Phil.  M^g-  Aug.  and  Sept.  1829.  I  am  not  aware  that  any 
person  has  yet  examined  our  waters  lor  bromine.  It  may  probably  be  expected  at 
Saratoga,  and  Ballston ;  at  Syracuse  and  other  places  where  there  are  saline  springs, 
and  in  the  residuum  of  our  marine  salt  works. 

It  is  more  than  probable  that  the  active  virtues  of  many  mineral  waters  may  de- 
pend in  part  upon  iodine  and  bromine. 

*  The  imponderables  are  of  course  excepted. 

t  tt  would  confound  all  distinctions  on  the  subject,  to  say,  that  these  four;  namely, 
oxygen,  chlorine,  iodine  and  bromine,  are  also  combustible ;  because  they  combine 
with  some  or  aU  the  other  elementary  bodies,  with  emission  of  heat  and  light  and 
change  of  properties. 
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5.  It  is  obvious  thai  these  remarks  are  founded  upon  the  popular 
notions  of  combustion^  which  are  not  iaconsistent  witli  philosophical 
views ;  for  no  discovery  or  prmciple  of  chemical  science  has  subvert* 
ed  the  common  views  of  this  process. 

6.  These  are,  therefore^  not  erroneous  ;  they  are,  however,  incom- 
plete, and  the  only  question  is,  how  far  they  ought  to  be  extended. 

7.  Combustion  has  been  illustrated  by  many  facts  m  the  history  of 
the  preceding  bodies,  particularly  of  oxygen  and  the  inflammables. 
All*  the  simple  bodies  that  can  bum  have  been  considered,  except  the 
metals ;  and  with  a  number  of  them  we  are  sufficiently  familiar. 

8.  The  chemical  agents  that  have  been  supposed  to  ad  in  camhus^ 
tion  in  a  manner  analogous  to  oxygen^  are  chlorine^  iodine  and  bro^ 
mine  ;  and  the  opinion  has  been  already  expressed  in  this  work,  that 
tit  relation  to  combustible  bodies^  cUortne  is  entitled  to  a  rank  with 
oxygen.  The  reason  is,  that  it  acts  upon  them  in  a  similar,  and  of- 
ten m  a  more  energetic  manner ;  a  smaller  elevation  of  temperature 
is  generaUy  sufficient,  and  in  several  instances  its  action  comes  on 
spontaneously,  which  happens  more  rarely  with  oxygen. 

9.  This  action  isj  in  many  ccuesj  attended  with  the  emission  of 
heat  and  lightj  and  the  resulting  bodies  bear  some  resemblance  to 
those  produced  by  a  combination  of  the  combustibles  with  oxygen  ; 
in  a  word,  chlorides  are  in  good  degree  analogous  to  oxides,  and 
acids  are  also  produced  by  chlorine  as  well  as  by  oxygen. 

10.  Could  we  suppose  that  our  earth  were  surrounded  by  an  at- 
mosphere of  chlorine  gas,  (granting  that  animal  life  could  be  sustained 
in  it,)  phenomenaf  in  combustion,  similar  to  those  which  now  occur, 
would  be  witnessed ;  and  some  of  the  eifects  would,  in  energy,  sur- 
pass any  thing  at  present  known. 

1 1 .  fVhat  ground  then  is  there  for  obfeeiiag  to  the  use  of  the  phrase 
supporters  of  combustion;  perhaps  no  language  could  be  found,  at 
once  more  appropriate  and  comprehensive. 

12.  The  Claims  of  iodine  to  be  regarded  as  a  supporter  of  com- 
bustion  are  more  limited;  an  atmosphere  of  the  vapor  of  this  sub- 
stance spread  around  the  earth,  would  not  produce  many  appear- 
ances similar  to  those  which  are  now  called  combusuon ;  still,  its  gen- 
eral affections  assimilate  it  very  nearly  to  chlorine. 

13.  The  newly  discovered  body^  bromine^  has  a  considerable  claim 
to  be  admitted  as  a  supporter  of  combustion,  but  even  this  falls  far 


*  Nitrogen,  as  forming  oxides  and  acids  with  oxygen,  is  included ;  although  no 
sensible  lieht  or  heat  is  evolved,  during  the  combination. 

t  Not  all  die  phenomena  however ;  e.  g.  carbon  would  not  burn,  although  many 
compound  combustibles  in  which  it  exists  would  prove  inflammable  in  chlorine. 

Vol.  U.  13 
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short  of  the  general  and  active  agency  of  oxye;eo  and  chlorine  in 
this  process;  still,  diese  four  bodies,  and  the  tliree  last  especially, 
have  so  many  points  of  resen}blance,  that  they  mu$t  be  classed  to- 
gether. 

14.  Shall  wc,  (as  some  are  disposed  to  do,)  extend  the  idea  of 
combustion  so  far,  as  to  include  every  case  of  intense  chemical  action^ 
With  emission  of  heat  and  light,  and  change  of  properties  9 

16.  It  cannot  be  objected  to  tliis  generalization,  that  it  is  unphilo- 
sophical ;  but  its  tendency  is  to  produce  confusion,  and  to  blend  casu 
which  are  otherwise  distinct. 

16.  j^T  philosophers  will  agree  upon  this  or  some  similar  definition, 
it  will  soon  be  understood  by  themselves,  although  it  might  be  perplex- 
ing to  learners ;  still,  it  would  be  difficult,  even  for  a  chemist,  and 
much  more /or  a  novice  in  the  science  to  conceive,  that  burning 
charcoal  or  phosphorus,  undergoes  a  change  analogous  to  that 
which  strong  sulphuric  acid  produces  upon  calcined  magnesia;  or 
the  same  acid  upon  chlorate  of  potassa  ;*  or  even  water  upon  the 
best  quick  lime ;  for  in  all  these  cases  tliere  is  intense  chemical  action, 
with  disengagement  of  much  heat  and  even  of  light,  visible  in  the  dark.f 

17.  Vapor  of  sulphur,  as  regards  the  emission  of  heat  and  light, 
produces  combustion  in  some  cases ;  and  sulphur  in  substance,  when 
combining  with  several  metals,  exhibits  similar  phenomena ;  so  po- 
tassium combines  with  phosphorus,  cyanogen  and  sulphuretted  hy- 
drogen, with  energy  and  incandescence ;  and  were  such  cases  seen 
by  mankind  in  general,  they  would  undoubtedly  be  called  instances 
of  combustion. 

18.  There  is  perhaps  no  strictly  philosophical  objection  to  calling 
them  by  that  name  ;  still  it  appears  more  convenient  to  describe  them 
simply  as  cases  of  combination,  attended  by  the  emergence  of  heat 
and  light,  especially  as  the  results  of  the  combination  are  in  most 
cases  remar/cably  different  from  those  diat  attend  the  union  of  tlie 
same  substances  with  oxygen  and  chlorine. 

19.  In  sulphuretted  hydrogen,  for  example,  potassium  forms  a 
compound  almost  as  combustible,  as  the  two  combining  elements  were 
before ;  while,  after  combination  with  a  maximum  of  oxygen  or  chlo- 
rine, it  will  be  found  entirely  incombustible ;  the  same  is  true  in  a  great 
degree  of  phosphorus  and  sulphur,  combined  with  potassium  and  with 
the  other  metals;  the  metallic  sulphurets  and  phosphurets  are  still  al- 
together combustible.     If  therefore  there  is  a  change  of  properties  in 


*  The  light  in  this  instance  is  probably  owing  to  the  decomposition  of  the  oxides 
ofchloriDe,  hut  the  case  is  not,  on  that  account,  less  in  point 

t  The  two  first  cases  are  familiar  experiments ;  the  last  is  not  so  often  attended  to; 
I  once  saw  it  distinctly. 
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these  and  other  analogous  cases,  to  which  many  now  wish  to  extend 
the  idea  of  combustion,  it  is  a  change,  in  most  instances,  very  differ- 
ent from  that  which  combustibles  undergo  \\y  burning  in  oxygen  or 
chlorine,  or  accordbg  to  popular  ideas,  in  common  air ;  and  in  a  word, 
a  burnt  body  is,  in  those  cases,  in  the  strange  condition  of  being  still 
combustible,  and  it  does  not  cease  to  be  so,  until,  in  the  usual  sense, 
it  has  been  burned  anew. 

20.  Still,  the  principal  reason  why  we  would  prefer  the  more  re- 
stricted sense  of  combustion  is,  that  it  saves  the  student  from  being 
bewildered  by  a  group  of  phenomena,  agreeing  indeed  in  the  obvious 
facts  of  mtense  chemical  action  with  emergence  of  heat  and  light ; 
but  disagreemg  widely,  in  the  results  produced  by  the  combination. 
No  advantage  appears  to  arise  from  the  proposed  generalization,  and 
several  judicious  modern  authors*  adhere  mainly  to  the  common  ac- 
ceptation of  combustion. 

21.  It  is  with  littie  reason,  that  some  writers  now  neglect  or  con- 
demn Lavoisier's  great  generalization  of  the  philosophy  of  combus- 
tion ;  for,  except  that  the  heat  and  light,  evidently,  come  from  all  tlie 
bodies  concerned,  combustibles  and  supporters  too,  and  not  from  the 
oxygen  alone ;  his  view  remains  substantially  correct,  and  includes 
all  the  cases  that  mankind  in  general  are  acquainted  wiUi ;  although 
it  is  necessary  to  give  more  extension  to  the  idea  of  combustion,  so 
as  to  embrace  the  action  at  least  of  chbrine,  and,  perhaps  to  some 
extent,  of  iodine  and  brombe. 

22.  ^Jier  having  included  many  cases  under  combustion  which 
Lavoisier  never  regarded  in  that  sense^  and  which  are  foreign  from 
the  experience  of  mankind  on  the  subject,  it  is  easy  to  criticise  the 
views  of  that  great  man  with  severity,  and  to  deride  them  as  unphilo- 
sophical.f 

23.  It  is  still  trucj  and  must  ever  remain  so^  that  all  the  usual  cases 
of  combustion  are  those  in  which  oxygen  combines  with  the  comhusti- 
hle  body^  and  both  changes  its  properties!  and  increases  its  weight ; 
whatever  additional  experience  may  be  presented  in  our  labora- 
tories, it  is  neither  possible  nor  desirable  to  change  the  established 
language  and  notions  on  this  subject ;  and  science  loses  nothing  by 
retainmg,  although  she  may  be  permitted  to  extend  them. 


•  Dr.  Henry,  Dr.  Turner,  Mr.  Murray.  Dr.  Ure,  following  Sir  H.  Davy,  is  zeal- 
ously and  ably  engaged  for  the  utmost  extension  of  the  notions  of  combustion. 

t  '*  It  is  melancholy  to  reflect  with  what  easy  credulity  the  fictions  of  the  Layoi- 
sierian  faith  have  been  received  and  propagated  by  chemical  compilers,  sometimes 
sufficiently  incredulous  on  subjects  of  rational  bclief.'*^-Ure'8  Diet.  p.  346. 

t  One  of  the  most  important  of  these  changes  is,  that  the  body  becomes  partially 
or  entirely  incombustible. 
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METALS. 

1.  Distinctive  characters. 

(a.)  The  best  conductors  of  electricity  and  heat ;  the  former  passes 
through  them  instantaneously,  the  latter  progressively  although  rapid- 
ly. Prepared  charcoal  resembles  the  metals,  in  being  an  excellent 
conductor  of  electricit}',  but  it  is  always  one  of  the  worst  conductors 
of  heat. 

(b,)  Metals  are  determined  to  the  negative  pole  in  the  galvanic 
sertesj  provided  they  are  combined  with  oxygen,  chlorine,  iodine, 
bromine  or  sulphur;  and  their  oxides  have  the  same  destination, 
when  combined  tvith  acids ;  hence  the  metals  are  said  to  be  electro- 
positive, 

(c.)  Qui^e  opakcj  even  in  the  thinnest  laminae,  excq^ting  ovlygold^ 
whose  leaf  transmits  the  green  light. 

(d,)  Reflect  the  light  powerfully;  some  of  them  in  a  manner  su- 
perior to  any  other  substances.  This  peculiar  brilliancy  is  called  the 
metallic  lustre.  Although  they  are  the  best  reflectors,  they  are  the 
worst  radiators  of  heat. — Dr.  Hare. 

It  has  been  agreed  to  call  all  bodies  metab  which  have  the  above 
assemblage  of  properties,  and  no  other  bodies  will  be  found  to  pos- 
sess them  all. 

2.  History  and  importance. 

(a.)  From  the  remotest  ases  ranked  am>ong  the  most  interesting  of 
natural  bodies  ;  the  demands  of  necessity,  convenience  and  luxury, 
have,  in  aU  ages,  given  them  a  primary  importance ;  and  no  fact  in 
the  history  of  nations  is  more  indicative  of  a  state  of  barbarism,  than 
ignorance  of  the  metals,  and  especially  of  iron,  the  most  useful  of 
them  all.* 

(6.)  The  operations  of  war^  of  agriculture  and  the  useful  arts; 
of  commerce  and  experimental  science;  and  the  prescriptions  ofmedi- 
ctn6,  are  greatly  dependent  upon  them;  and  the  precious  metals,  in 
the  form  of  a  circulating  medium,  affi)rd  the  only  immutable  repre- 
sentatives of  property. 

(c.)  Even  chemistry^  at  an  early  period^  existed  only  in  the  form 
of  alchemy ;  whose  great  object  it  was  to  transmute  the  base,  into 
the  precious  metals. 

3.  Number. — Stated  by  most  modem  authors  as  being  about  40. 
The  following  table,  from  the  11th  edition  of  Dr.  Henry's  Chemis- 
try,f  with  the  addition  of  zirconium  and  thorium,  the  latter  metal  re- 
cently announced  by  Berzelius,  contains  40,  without  including  the 

*  Even  in  the  pentateuch.  Tubal  CaiD  is  recorded  as  an  artificer  in  brass  and  iron, 
and,  among  various  ancient  nations,  divine  honors  wef  e  bestowed  on  (he  reputed  in- 
ventors of  the  methods  of  worlcing  the  metals. 

t  Just  received  from  the  author,  (Jan.  26, 1880,)  and  the  date  of  the  preface  is  but 
two  months  «ar)fer,  so  that  this  is  later  than  any  other  foreign  list  of  metals. 
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basis  of  siKca,  which  many  suppose  to  be  more  allied  to  the  combusti- 
bles than  the  metals.* 

Discovered  by  Date. 


Names  of  Metals. 

1.  Gold, 

2.  Silver, 

3.  Iron, 

4.  Copper, 

5.  Mercury, 

6.  Lead, 
Tin, 
Zinc, 
Bismuth, 
Antimony, 
Arsenic, 
Cobalt, 
Platinum, 
Nickel, 


7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
36. 
36. 
37. 
38. 
39. 
40. 


Tungsten, 

Tellurium, 

Molybdenum, 

Titanium, 

Uranium, 

Chromium, 

Columbium, 

Palladium, 

Rhodium, 

Iridium, 

Osmium, 

Cerium, 

Potassium, 

Sodium, 

Barium, 

Strontium, 

Calcium, 

Magnesium, 

Lithium, 

Cadmium, 

Aluminum, 

Glucinum, 

Yttrium, 

Zirconium, 

Thorium, 


>- Known  since  the  remotest  antiquity. 


Known  to  Paracebus,  who  died  -  1541 

Described  by  Agricola,        -        -  1520 
Described  by  Basil  Valentine,  15th  century. 

^Brandt, 1733 

Wood,  Assay  Master,  Jamaica,      -  1741 

Cronstedt, 1751 

Gahn  and  Scheele,      -        -        -  1774 

M.  M.D'Elhuyart,  -        -        -  1781 

MuUer,      -.-.-.  1782 

Ditto  and  Hielm,    -        -        -        -  1782 

Gregor, 1781 

Klaproth, 1789 

Vauquelmj         -         -         -        •  1797 

Hatchett, 1802 

I  Dr.  Wollaston,    -         -        -        -  1803 

Descostils  and  Tennant,  -        *  1803 

Tennant, 1803 

Hisinger  and  Berzelius,   «        -         -  1804 


^Sir  H.Davy, 


1807 


Arfwedson, 1818 

Stromeyer,    -        -         -        -        -       1818 

^Wohler,    -        ...        -  1828 

Davy  and  Berzelius,        -        -    1808  to  1828 
Berzelius,  .         -        -        -  1829 


*  It  woald  not  be  surprisine  however,  if  dlicon  were  to  be  hereafter  melted,  that  it 
should  prove  to  be  a  metal ;  lor  it  would  be  extraordinary  if  silica  among  tibe  earths 
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LEADING    PHYSICAL    PROPERTIES    OF    THE    METALS. 

The  physical  properties  of  several  of  the  metals  are  not  inferior, 
in  importance,  to  those  depending  on  their  chemical  relations,  and 
those  of  the  greater  number  are  interesting  and  instructive. 

I.  Their  weight  and  density. — ^The  heaviest  earthy  body, 
(sulphate  of  baryta,)  does  not  weigh  over  4.75,  water  being  1,  and 
stones  are  usually  between  2  and  3. 

The  superior  weight  of  the  metals^  as  a  doss,  is  no  longer  a  dis- 
tinctive, although  it  is  still  a  general  property. -^Potassium  and  so- 
dium float  on  water,  and  there  is  reason  to  believe  that  there  is  a  tol- 
erably regular  series,  of  increasing  weight,  through  the  metals  of  the 
earths  up  to  titanium,  (sp.  gr.  5.3,)  the  lightest  of  the  metals  known 
previously  to  1807,  when  potassium*  was  discovered ;  and  so  on  to 
platinum^  the  heaviest  of  all  natural  bodies,  which  in  its  state  of 
greatest  compressionj  is  about  23  times  heavier  than  vHXter.  If  we 
oounterpoise  two  tumblers  in  opposite  scales,  and  then  fill  one  with 
water  and  balance  it  with  mercury,  we  shall  be  forcibly  struck  with 
tba  wide  difference  of  volume  under  the  same  weight.  With  the  same 
view,  platinum  may  be  counterbalanced  by  cork. 

The  principal  uses  of  the  great  weight  of  the  metals  are:  1.  In  war^ 
where  their  projectile  force,  far  exceeds  that  of  any  other  bodies ;  it 
depends  on  their  momentum,  which  is  made  up  oi  velocity  and  spe- 
cific gravity.  In  ancient  war,  stones  were  used  for  the  same  pur- 
pose, but  their  force  was  vastly  inferior,  especially  as  they  were 
thrown  by  hand  or  by  machines,  and  not  by  gun  powder.  2.  As  a 
moving  power  J  especially  b  balances  and  scales,  and  m  all  other  in- 
stances where  a  great  power,  m  a  small  bulk,  is  wanted.  3.  In  the 
reduction  of  the  metals  themselves  from  their  ores  ;  for  after  fusion, 
they,  in  consequence  of  their  weight,  subside  to  the  bottom,  and  leave 
die  lighter  impurities  on  the  top. 

n.  Opacity. — The  metals  are  commonly  said  to  be  perfectly 
opake ;  without  doubt  they  are  by  far  the  most  opake  of  all  bodies, 
but,  as  gold  leaf  transmits  a  beautiful  green  color,  when  held  up  to  a 


■faoald  be  the  only  exception,  and  prove  not  to  be  &  metallic  oxide.  I  have  not  in- 
cluded in  the  list  of  metals  one  called  rhutenium  and  another  pluranium,  the  reputed 
discovery  of  which  appears  to  need  confirmation. — London  Phil.  Mag.  March,  1829. 
*  The  want  of  weight  is  no  valid  objection  against  the  admission  of  potassium  and 
fodiam  Into  the  class  of  metals,  for  titanium,  the  lightest  of  the  metals  before  known, 
is  but  6  times  heavier  than  potassium,  and  but  little  more  than  5  times  heavier  than 
sodium,  while  its  specific  gravity  is  only  one  fourth  or  one  fifUi  that  of  platinum,  so 
that  this  metal  and  columbium,  whose  gravity  is  only  a  fraction  greater  than  that  of 
titanium,  may  be  regarded  as  a  connecting  link  between  the  old  and  the  new  metals. 
It  has  been  suggested  that  potassium  and  sodium  may  contain  hydrogen,  and  thus 
acquire  their  levity,  but  there  is  no  fact  that  proves  this  suppostliou  to  be  true. 
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windoW)  is  it  not  probable  that  if  the  other  metals  could  be  reduced 
to  the  same  thinness,  they  also  would  transmit  light  ?  This  seems  to 
indicate  no  other  peculiarity  in  gold  than  superior  malleability.  Tin- 
foil and  leaf  brass,  completely  intercept  the  light,  although  much 
thinner  than  common  writing  paper,  which  is  partially  transparent, 
as  perhaps  all  or  nearly  all  other  natural  substances  are,  when  reduced 
to  very  thin  lamins  or  flakes. 

III.  Lustre. — This  property  appears  to  depend  on  the  two  pre* 
ceding,  and,  although  it  is  not  peculiar  to  the  metals,  it  is  possessed 
hy  them  in  a  most  eminent  degree^  as  is  beautifully  exhibited,  in  clean 
mercury,  in  burnished  silver  and  gold,  and  in  polished  steel.  It  is  true 
that  mica  or  isinglass,  several  of  the  feldspars,  and  some  other  earthy 
compounds  exhibit,  in  their  natural  state,  a  considerable  degree  of 
brilliancy,  and  the  marbles,  and  alabaster,  the  gems  and  most  very  hard 
stones,  can  be  made,  by  polishing,  to  assume  it  in  a  high  degree  ;  but^ 
if  a  furrow  be  made  by  scratching  any  brilliant  body  which  is  not  me^ 
tallic,  it  will  appear  dull ;  on  the  contrary,  if  a  bright  metal,  (not  an 
ore,)  be  scratched,  the  furrow  is  equally  brilliant  as  the  original  sur* 
face.  Mica  is  sometimes  mistaken  for  a  metal,  but,  it  may  always  be 
distinguished  in  this  way,  and  by  its  inferior  weight.  The  brilliancy 
and  opacity  of  metals  Jit  them  admirably  for  mirrors,  of  which  they 
are  always  the  basis  ;*  in  consequence  of  their  opacity,  they  intercept 
the  light,  and,  by  means  of  the  high  polish  which  they  are  capable 
of  assuming,  they  throw  back  or  reflect  all  the  rays ;  hence  bright 
metals  do  not  become  heated  except  with  extreme  slowness. 

Metals,  if  tarnished  by  the  air,  are  easily  brought  back  by  friction 
to  their  former  brilliancy.  "  The  metals  remarkable  for  permanency 
of  lustre,  in  the  fire  and  air,  are  gold,  platinum,  silver,  and  palla* 
dium." — Hare. 

From  Prof.  Leslie's  experiments,  it  appears  that  the  reflecting 
power  of  the  metals  is  in  the  following  order,  as  indicated  in  the  di«- 
rect  proportion  of  the  numbers — ^brass  100,  silver  90,  tinfoil  85^ 
planished  block  tin  80,  steel  70,  lead  60,  tinfoil  softened  by  mercury 
50.  Burnished  steel  is  usually  regarded  as  the  most  brilliant  of  nat* 
ural  bodies,  the  diamond  perhaps  excepted.  Some  metals,  as  cobalt 
and  manganese,  have  little  lustre. — Henry. 

IV.  Conducting  power. — Metals  are  the  most  perfect  conduct^ 
ors  of  electricity,  heat  and  galvanism  ;  and  especially  when  moistened 
with  acids,  or  other  agents,  that  act  on  them,  and  placed  in  a  pardc- 


•  Even  glass  mirrors  are  rendered  effectual,  only  by  the  film  of  metal  which  U 
made  to  adnere  to  them ;  as  in  a  common  looking  glass,  whose  reflecting  power  de- 
pnds  principally  upon  an  amalgam  of  tin  foil  and  mercury.  Glass  afibrds,  therefore, 
in  these  cases,  only  a  convenient  means  of  suspending  or  spreading  a  thin  metallic 
sheet ;  it  is  of  itself  an  imperfect  reflector. 
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ular  order,  they  generate  galvanism  more  rapidly  than  any  other 
bodies. 

They  are  therefore  called  deetrtMnctars ;  not  that  they  are  exclu- 
sively, but  eminently  so,  for  other  bodies  evolve  this  power.  They 
might  however  with  equal  propriety  be  called  cahrirmoiors  and 
magneii^moiors ;  as  galvanic  combinations,  and  particularly  those  of 
Dr.  Hare,  have  proved  ;  for,  these  powers  are  also  evolved,  as  wiU 
more  particularly  appear  in  the  section  on  galvanism. 

The  metals  bum  brilliantly y  and  toiih  variously  colored  flames^ 
when  electric  and  galvanic  dischargesy  greater  than  they  can  convey 
awajfy  are  received  through  their  mres  or  leaves.* 

V.  Fusibility  and  crystallization. — There  is  a  very  great 
diversity  in  the  fusibility  of  the  metals  ;  quicksilver,  except  m  high 
polar  latitudes,  is  always  fluid  at  atmosphenc  temperatures ;  but  as  it 
can  be  frozen  at  — 39^,  F.  by  ardficial  as  well  as  by  natural  cold,f  it 
must  be  regarded  merely  as  a  melted  metal. 

Platinum  can  be  softened,  but  is  not  fusible  in  our  furnaces,  al- 
though it  will  melt  under  a  stream  of  oxygen  gas,  directed  upon 
burning  charcoal ;  and  better  still,  in  the  focus  of  the  compound 
blowpipe.  Mercury  is  therefore  at  the  bottom  of  the  scale,  and, 
(if  we  except  some  of  the  newly  discovered  and  very  refractory 
metals,)  platinum  is  at  the  head.  Between  these  extremes  there 
is  a  very  great  variety ;  some  are  bfusible  in  furnaces,  and  require 
the  heat  of  the  compound  blowpipe.  Such  are  titanium,  tungsten, 
chromium,  and  several  of  the  more  recendy  discovered  metals : 
some,  as  iron  and  manganese,  require  a  full  white  heat,  or,  the  great- 
est heat  which  a  wind  furnace  can  produce ;  some,  as  silver,  copper 
and  gold,  a  full  red,  or  low  white  heat ;  several,  as  lead,  tin,  bismuth 
and  zinc,  meh  from  442^  to  a  low  red  heat,t  and  there  are  metallic 
alloys  which  will  melt  even  below  the  heat  oi  boiling  water.  Melted 
metals  retain  their  brilliancy  and  opacity,  unless  tarnished  by  the  at- 
mospherical oxygen ;  their  surfaces  assume  somewhat  of  a  convex 
form,  especially  at  the  edges ; — ^this  is  owing  to  the  cohesive  at- 
traction of  their  particles,  and  hence,  if  dispersed  in  small  masses, 
they  become  globular,  and  readily  run  together  again,  when  brought 
into  apparent  contact.  For  the  same  reason  the  hand  is  not  soiled 
by  being  plunged  into  clean  quicksilver,  and  as  this  appearance  is  most 
conspicuous  in  that  metal,  it  is  called  the  mercurial  manner  of  fusion. 

The  fusibility  of  the  metals  is  of  the  utmost  consequence^  for  we  are 
thus  enabled  to  cast  them  in  moulds^  into  any  form,  and  even  to  pro- 
duce very  beautiful  figures  and  ornaments  upon  their  surfaces,  in- 

*  Their  power  to  conduct  electricity,  is  now  found  to  be  in  proportion  to  the 
and  not  merely  to  the  surface.-- Henry,  11th  Ed.  Vol.  I,  508. 
t  As  has  happened  in  Hudson's  Bay,  in  Siberia,  and  in  the  late  Arctic  voyases. 
t  Aikin's  Diet  Yol.  II.  p.  96. 
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Stead  of  resorting  to  the  tedious  labor  of  cutting  vessek  from  the 
block  by  the  chisel,  or  turning  them  in  the  lathe ;  operations  which, 
with  respect  to  iron,  the  most  important  of  all  the  metals,  would  be 
nearly  impracticable.  By  slow  coolings  after  fimon,  the  metaU 
may  be  made  to  crystallize,  assuming  at  the  same  time  a  peculiar 
structure,  which  in  bar  iron,  is  usually  fibrous,*  lamellar  in  bismuth 
and  antimony,  and  granular  in  steel.  Crystals  of  native  metals  are 
generally  cubes,  or  octahedra,  or  of  some  intermediate  figure.  As  soon 
as  a  crust  is  formed  on  the  surface  of  a  congealing  metal,  it  b  broken, 
and  the  fluid  within,  is  poured  out,  or  withdrawn  by  a  plug  from  be- 
k>w,  when  crystals  are  often  found  lining  the  inside.  In  the  case  of 
iron  and  bismuth,  the  fused  metal  is  more  dense  than  the  solid,  for 
die  latter  floats  on  the  former.  Hence  these  metals  take  with  great 
accuracy  the  impressions  of  the  mould. — ^Arsenic  is  volatilized  at  a  low 
temperature,  and  is  therefore  more  prone  to  fly  away  in  vapor  than  to 
melt.  Quicksilver  is  dissipated  by  a  degree  of  heat  not  much  ex- 
ceeding three  times  that  which  makes  water  boil.  The  volatility  of 
the  seven  following  metals,  in  a  temperature  which,  for  the  most  fix- 
ed, does  not  exceed  a  red  or  white  heat,  has  been  distinctly  ascer- 
tained, namely,  cadmium,  mercury,  arsenic,  tellurium,  potassium^ 
sodium  and  zmc,  all  of  which  can  be  distilled  over  firom  one  vessel  to 
anolher. 

By  a  heat  stUl  more  intense^  most  of  the  metals  can  be  volatUizedy 
and  several  of  them  are  dissipated  with  great  rapidity,  by  the  com- 
pound blowpipe,  by  the  solar  focus,  and  by  electric  and  galvanic  dis- 
charges. 

T%e  cohesion  of  the  metals  is  an  important  property,  existing  in 
very  various  degrees;  and  in  some  of  them,  it  is  more  remarkable 
than  in  any  other  substances. 

VI.  Tenacity. — ITte  tenacity  of  the  metals  which  depends  on 
Aeir  cohesion,  is  the  source  of  some  of  their  most  important  uses  in 
Ae  mechanical  arts,  but  they  possess  this  property  m  very  diflbrent 
degrees.     Accordbg  to  the  experiments  of  Sickingen,f 
An  iron  wire  j\  of  an  inch  in  diameter  sustams  705  lbs.  avoir, 
copper,     .--.--       387 
platinum,       -        -        -        -        -  351 

silver, 239 

TOld, 191 

*' The  tenacity  of  tin  is  greatly  inferior  to  that  of  gold,  and  the  te- 
naci^r  of  lead  is  least  of  idl." 

*  Owing  to  the  itrokefl  of  the  tilt  hammer  in  drawing  the  bar ;  in  »me  wietiee 
of  iron  the  ■tractore  is  in  imall  platee. 
t  AUdn*t  Diet  Vol.  II,  p.  97. 

Vol.  n.  14 
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A  lea4  wire  ooe  tenth  of  an  inch  in  (}j9xneter  will  not  sfM.3l|Mn  90  li^ 
Upon  th^  tenacity  of  meuls  de{>eDd  thisir  ductility  w^  B^^all^l^Hljr^ 

1.  Ductility  i?  the  power  of  being  drcwm  into  mve^  by  caufHig 
cylindrical  pieces  of  the  metals,  sharpened  at  one  end,  ux  p^s^  thc^iK^ 
a  series  of  CQpic^il  holes,  made  in  a  plate  of  .hardened  ^eel,  k^eg^ 
ning  with  the  larger  and  going  on  to  those  which  9^e  sMcccfs^Vi^j^ 
smaller  and  smaller,  till  the  wire  is  sufficiently  fine*  1p  ^e  «n|^ 
way,  it  is  done  by  hand ;  in  the  large  by  powerCul  a^chi«i9i;y., 

2.  Mafhability  ii  the  property  of  sufferiifg  ^tension  vndsF  th^, 
hammer  or  between  the  rolling  cylinders. — It  might  be  ina^g^ed  tb^ 
the  properties  of  maUeability  and  ductility  are  exactly  corcesppiyle^ 
but  this  is  by  no  means  true.  Hardness:  with  tsn^aity  gives  gife^fi 
ductility,  but  little  malleability,  as  in  iron  and  pladpum ;  if  softness  i% 
ioined  with  tenacity  it  produces  malleability  in  a  peculiar  degree,  s^ 
in  gold^  tin  and  lead,  while  gold  and  silver,  being  midway  in  t})eif 
character,  have  both  properties  in  nearly  ^n  equal  di^re^.-^rliWttmajf^ 
Tin  and  lead  are  considerably  malleable,  but  very  in^pierfectly  du/^ 
tile ;  iron,  in  the  cold,  is  scarcely  malleable  at  all,  but  it  i^  astoiiisb-- 
ingly  ductile ;  it  can  bp  drawn  ii^to  wires  as  fine  as  human  bair  **  ff>\A% 
silver  and  platinum,  possess  both  properties  in  ^  eminent  degr^^^.. 
Pr.  Wollastpnf  drew  gqld  wires  of  j^jV*  of  ^  *^ch  in  diameteif,  $>&Q» 
feet  of  it  weighing  only  one  grain ;  and  he  obtained  platinum  wii^^. 
7T7T V  of  an  inch  in  diameter.  Gold  is  tbj^  mos^.  malleable  of  all  the 
metals;  notwithstanding  its  great  specific  gravity,  it  can  be  beaten>ifitO; 
leaves  so  thin  that  dip  wind  will  blow  them  away,  and  ^ver  is,  ki  tbi» 
particular,  very  little  inferior.  Gold,  of  the  degree  of  thinnesa  whiji^h) 
it  has  in  common  gold  leaf,  requires  but  one  grain  in  weight  to  cover 
56  square  inches,  and  it  may  be  made  much  thinner  still. 

(a.)  Larninabtlity  is  that  modification  ofvmUeabiUiy  by  whickmetifl^ 
are  pressed  into  sheets  between  the  rolling  cyUnder^.-^rFot  this  puj?*, 
pose  iron,  iii  t^e  fprm  of  bars  flattened  at  one  end,  is  ignited  in  Ipng 
oven  shaped.  fui:nc^ces,  and  when  red  hot,  it  is  passed  between  stroBg^. 
steel  cylinders,  turnpd  by  great  mechanical  power. 

During  the  comprcs^on.  of  m^aUt  either  under  the  hamm^i  o^ 
betweenrthe  rolling  cylinders^  cohrip  is  evolved;  iron,  by  rapid  hpmar 
mering,  can  be  mf^de  red  hot ;  it  becomes  brittle  however  as  the 
other  metals  do,  by  similar  treatinent,  and,  to  restore  theii)  flexibility 
they  require  to  be  slowly  heated,  oc  annealed ;  thus,  iron  wire  is  al- 
ways rigid  and  brittle  till  it  has  been  warmed,  after  which  it  iQ^y  be 
beqded  withoq^  danger  of  breaUf^g*  U  ia.  obviQus.  xJ^U  the*  priopwty 
of  laminability,  or,  of  being  formed  into  plates  ofi  If^^ve^  de]^|>dili 


*  It  it  ffaid,  by  Fourcroy,  that  perukes  have  been  made  of  it. 
t  Phil.  Trans.  1818,  p.  114. 
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dA  m^neabiUty,  wbile  that  of  dud&ity  is  in  the  compotntd  ratio  of  the 
tnalleahUity  and  ttnacity. 

To  the  tenacity  of  metals  we  are  itfdebted  for  die  utiKty  of  wire ;  of 
chains,  anchors,  and  other  similar  mechanical  contrivances ;  and  to 
their  malleability  for  all  wrought  metallic  instruments. 

J 6.)  Intimately  connected  with  these  properties  are  ihost  of  hardness 
I  elasticity^  which  are  not  possessed,  in  any  remarkable  degree,  by 
metals  in  their  natural  state.  All  the  metals  are  scratched  by  many 
of  the  earthy  bodies,  and  various  earihy  powders  are  made  use  of  to 
poUsh  them.  Both  elasticity  and  hardkiess,  so  indispensable,  to  the 
most  important  uses  of  iron,  are  imparted  b  a  great  degree,  by  pro* 
cesses,  the  details  of  which  belong  to  the  history  of  the  individual 
metals.  In  general,  however,  they  consist  in  heating  the  metal  and 
cooling  it  suddenly,  by  which  means^  while  it  becomes  harder  and 
more  elastic,  it  is  rendered  also  nK)re  brittle ;  but,  by  heating  it  again 
and  cooling  it  slowly,  it  may  be  restored  to  its  former  condicion.  Iron 
possesses,  naturally,  very  little  elasticity,  but,  by  processes  of  art  it 
may  be  rendered  almost  perfecdy  elastic,  as  in  thd  balance  springs  of 
watches.  The  alloys  of  the  metals  are  sometimes  much  more  hard 
and  elastic  than  the  metals  which  enter  mto  their  composition-^fbr 
instance,  tin  and  copper  are  soft,  and  tin  is  not  elastic,  but  bell  metal 
is  highly  elastic  and  considerably  hard.  Iron,  copper  and  silver,  are 
among  the  most  sonorous  metals.  ' 

VII.  Color,  taste,  smell. — The  metals  have  variovs  colorft 
but  generally  shades  ofwhite^  gray^  and  more  rardy  red  and  yellow* 
Most  of  them  affect  the  organs  of  taste  peculiarly,  and  rather  disa- 
greeably; as  zinc  and  copper.  Some  are  nearly  tasteless,  as  silver 
and  gold.  A  peculiar  odor  attends  several  of  them  when  rubbed 
or  handled,  as  arsenic>  tin  and  lead,  but  these  effects  hardly  admit  of 
description. 

The  taste  and  odor  are  probably  often  connected  with  galvame 
action. 

VIII.  Magnetism  does  not  appear  to  be  naturally  and  perma^ 
nently  attached  to  any  non^metmtic  body^  and  so  few  of  the  metals 
themselves  are  permanently  susceptible  of  it,  that  it  cannot  be  re- 
garded as  a  general  property. 

(a.)  The  only  permanent  natural  magnet  is  the  protoxide  ofiron^ 
called  magnetic  iron.  Every  one  knows,  that  iron,  in  the  metallic 
state  and  in  that  of  steel,  is  attracted  by  the  magnet,  and  that  steel 
can  be  made,  by  art,  permanently  and  powerfully  magnetic. 

(6.)  Nickd  also,  uihen  purified,  is  not  only  capable  of  magnetic 
attraction,  but  it  can  be  also  made  to  become  a  permanent  magnet* 
'  — ^This  property  is  now  ascertained  to  belong  to  cobalt*  also,  but 

*  Dr.  Wollaston,  (Phil.  Trans.  1823,  p.  400^  eiitiib&ted  the  relftlire  mwnette  pow«ri 
of  iron,  nickel  and  cobalt,  to  be,  for  iron  80  to  90,  cobalt  50  to  60,  and  nickel  20  to  30. 
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the  ores  of  nickel  and  cobalt  are  not  attractable  by  the  magnet. 
They  become  so  only  when  purified.  Magnetism  b  a  physical 
power,  which,  on  account  of  its  relation  to  the  metals,  we  here 
mention  only  incidentaUy. 

GENEaAIi   CHEMICAL   RELATIONS. 

Under  this  head,  some  leading  views  and  facts  may  be  given 
with  advantage  by  way  of  introduction,  but  with  brevity,  as  the 
chemical  relations  of  each  metal  will  come  in  turn  under  review. 

I.  Oxygen. 

1.  When  the  metals  are  heated  to  a  certain  degree,  they  not  only 
melt,  or  rise  in  vapor,  but,  if  air  be  admitted  at  the  same  time,  most 
of  them  become  tarnished,  and  arc  gradually  or  rapidly  converted 
into  powders  of  an  earthy  appearance,  and  of  various  colors  and  pro- 
perties ;  their  weight  is  increased,  and  if  the  process  has  been  per- 
formed in  a  confined  portion  of  air,  it  will  be  iound  irrespirable,  and 
unfit  to  sustain  combustion  any  farther. 

{a.)  Some  of  the  metals  undereo  this  change  rapidly,  so  as  to  bum 
with  the  sensible  phenomena  of  heat  and  light.  Thus,  zinc  among 
iive  coals,  bums  with  a  white  and  blue  flame,  and  if  previously  mix- 
ed  with  chlorate  of  potassa,  or  nitre,  it  deflagrates.  A  mixture  of 
iron  filings  and  tin  bums  in  the  same  manner ;  or  if  thrown  into  a 
blaze,  the  iron  filings  sparkle  brilliandy. 

Antimony  and  zinc  being  very  volatile  metals,  are  oxidized  most 
rapidly  while  rising  in  vapor,  and  the  fumes  appear  luminous ;  these 
phenomena  are  most  remarkable  in  zinc. 

Tin,  being  very  fusible,  absorbs  oxygen  most  readily  after  ft  is 
melted,  and  with  an  intense  heat,  actually  bums.  The  same  is  the 
fact  with  lead,  but  it  requires  a  higher  degree  of  heat  than  tin. 

Lead  and  tin,  when  mixed,  absorb  oxygen  with  more  rapidity  than 
when  separate,  and  this  is  true  generally  of  mixtures  and  alloys  of 
metals. 

(6.)  With  a  stream  of  pure  oxygen  gas,  directed  upon  burning 
charcoal,  the  phenomena  are  still  more  remarkable,  and  prove  that 
all  the  metals  are  inflammable  substances.  These  experiments  are 
splendidly  exhibited  by  the  compound  blowpipe,  which  melts  and 
bums  all  the  metals. 

(c.)  TTie  conversion  of  the  metals  into  earthy  powders,  is  owing 
to  their  combination  unih  oxygen,  and  the  phenomena  of  buming,  so 
far  as  diey  appear,  are  in  these  as  well  as  in  all  common  cases, 
(see.  p.  96,)  owing  to  that  agent. 

(d.)  The  metals  combine  with  oxygen  under  very  different  ciirofii- 
siances,  and  some  are  spontaneously  oxidized. — ^Iron,  for  bstance,  al- 
ways attracts  oxygen  in  a  damp  air,  but  no  one  would  say  that  when 
iron  rusts,  it  bums.  Sdll,  in  oxygen  gas,  iron  bums  with  vivid  scin« 
filiations,  and  also  in  the  united  flame  of  that  gas  and  hydrogen. 
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Manganese  and  araenic  attract  oxygen  from  the  air,  evea  when 
artificially  dried,  but  Th^nard  asserts  that  potassium  is  the  only  metal 
which  at  common  temperatures  is  oxidized  m  perfedly  dry  oxygen 
gas. 

2.  Most  metdU  require  an  elevation  of  temperature  to  enable  them  to 
combine  easily  with  oxygen  ;  but  the  heat  required  is  very  different* 
Arsenic  thrown  on  a  red  hot  iron  burns  with  flame ;  andmony,  bis- 
muth and  tin  require  a  full  red  or  white  heat.  Gold,  silver  and  plan* 
num  scarcely  attract  oxygen  from  the  air,  at  any  temperature,  and  can 
be  combined  with  it  only  by  the  agency  of  acids,  by  electricity,  by 
galvanism,  or  by  the  compound  blowpipe  under  which  they  bum, 
either  with  flame  or  scintilladon ;  and  in  powerful  galvanic  or  elec- 
trical arrangements,  as  already  observed,  tlieir  wires  and  leaves  are 
dissipated  with  splendid  combusdon. 

OXIDES. 

1.  Nomenclature. 

(a.)  The  substances  resulting  from  the  combination  of  oxygen  with 
the  metals  are^  with  the  exception  of  a  few  cases,  called  oxides.  This 
was  mentioned  under  the  history  of  oxygen. 

(6.)  There  are  often  more  oxides  than  one  of  the  same  metal^  and  they 
were  formerly  distinguished  by  terms  referring  to  their  colors,  as  the  red 
and  the  black  oxide  of  iron — ^the  red  and  yellow  oxide  of  lead,  be. 
This  is  sufficient  for  common  purposes,  but  Dr.  Thomson  proposed  to 
denote  the  extremes  of  oxidation  in  the  same  metal,  by  the  term  protox^ 
ide  for  the  minimum,  and  peroxide  for  the  maximum^  of  oxidation,  and 
the  intermediate  degrees  by  the  terms  deutoxide,  tritoxide,  &c.  from 
the  Greek,  as  the  per  is  from  the  Latin.  This  judicious  nomencla- 
ture is  now  generally  adopted,  but  it  need  not  deprive  us  of  the  val- 
uable aid  in  remembering  the  oxides,  derived  from  so  remarkable 
a  sensible  property  as  their  color. 

2.  Calx  and  Calcinaj^ion. 

(a.)  Formerly  oxide  was  called  calx^  and  oxidation  calcinationf 
from  a  supposed  analogy  between  the  burning  of  lime  (in  Liatin  calx) 
and  the  conversion  of  the  metals,  by  heat  and  air,  into  those  earthy 
powders  which  are  now  called  oxides. 

(b.)  But  there  is  no  real  analogy  betu)een  the  two  cases,  for  the 
one  is  a  combination  of  oxygen,  the  other  an  extrication  of  carbonic 
acid  gas.  In  both  there  is,  in  the  results,  a  similarity  of  appear- 
ance, but  the  metals  become  oxides,  and  invariably  with  an  increase  of 
weight ;  while  limestone,  by  burning,  becomes  quicklime,  and  from  the 
loss  of  carbonic  acid  and  water,  diminishes  in  weight  nearly  one  half. 

*  TbiB  was  at  first  restricted  to  those  cases  where  there  were  only  two  osides,  but 
BOW  peroxide  is  used  for  the  highest  combiaation,  although  there  may  be  do  inter- 
mediate one  between  that  and  the  protoxide. 
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^4  Pn>t)oiiiiroir«-^2%tir  ^nange  vxu  f&mnfAy  impuJHSi  id  ffh;  et- 
^tt)M$  (jf  pkloguitan^  die  supposed  principle  of  inflaTnmnbHitjr,  and 
#<iett  '&e  oKiae  was  restored  to  its  metallic  fltate,  by  heating  it  #ith 
charcoal,  the  phlogiston  was  supposed  to  be  restored,  so  that,  accord- 
kig  to  IbiB  opinion,  all  metals  consist  of  an  eatlby  b^s  and  phlogis- 
MM.  The  incrense  of  weight  during  oxrdalkAi,  and  the  diminmion 
dultng  reduction,  not  being  accounted  for  by  this  theory,  Stahl,  whb 
didfeilded  aftd  illustrated  the  doctrine  of  phlogiston,  intmduced  by 
Bl)Cber,  assumed  that  phlogiston  is  a  principle  of  positite  levity. 

4*  The  tRUK  THEORY.— Jfybr  the  escape  tf  vUogiif&n,  we  stA* 
jIdiHte  ike  tofnbinatien  ef&xygen^  andfo/r  the  tombitMion  ofpfdo^is^ 
ttw,  the  ex^pe  ^oxygen,  we  SiM  then^  ^as  has  been  already  retnarfced 
m.  Vol.  I.  p.  126,)  tran9htte  the  pfdegistte  hypothesis  intd  the  tme  theo-- 
ry.  There  could  have  been,  however,  no  objection  to  the  word  phlo- 
giston, had  it  been  restricted  to  the  imponderable  elements  which, 
during  combustion,  escape  in  the  form  of  heat  and  light,  and  which 
return  again  sometimes  imperceptibly,  and  sometimes  with  sensible 
phenomena,  during  the  recoDversion  of  an  oxydized  or  buitied  sub- 
stance into  a  combustible,^ 

5.  Reduction. 

(a.)  By  heat.  The  oxygen  is  sometimes  separaied'by  heai  alone. 
Tbe  oxides  of  gold,  silver^  platinum,  mercury,  nickel,  rhodium,  os- 
mium, iridium,  and  palladium,  give  out  their  oxygen  in  this  manner, 
and  are  completely  reduced. 

Other  oxtdesy  tts  those  of  manganese  a$id  lead^  relinquish  only  a 
part  of  their  oxygen  by  heat  alone,  and  the  aid  of  an  elective  attrao- 
tioQ  is  necessary  to  detach  the  remainder. 


*  The  opinioQ  that  the  weight  of  mettls  daring  oxidfttioa  is  o6c»tioned  by  the  fixa* 
tiooof  air,  appears  to  have  beeo  entertaioed  by  various  persons  at  difierent  periods, 
as  by  John  Rey,  a  physician  of  Perigord,  A.  D.  1630;  by  Mayhow  of  Oxford,  1674; 
by  Dr.  Bli^k,  1763$  itad  at  last  it  was  in  form  asserted  by  M.  Bayen,  a  French 
apdihecaryk  1774 ;  but  ic  was  l^voisier  who  finally  and  fully  established  it  by  na- 
merous  and  decisive  experiments,  one  of  which  is  thus  related : — 

'*  Lavoisier  placed  8  oz.  of  tin  in  a  glass  retort  of  the  capacity  of  250  cubic  inches, 
whose  neck  was  drawn  out  to  a  fine  Orifice.  That  some  of  the  air  might  be  ex- 
pelled, and  thus  prevent  explosion,  the  retort  was  heated  till  the  tin  began  to  melt ; 
It  was  then  sealed  hermetically,  accurately  weighed,  and  placed  again  on  the  fire. 
The  thi  underwent  in  part,  a  change  into  an  earthy  powder,  and  when  this  change 
hid  ceased  to  ptnceed  any  farther,  the  retort  was  found  unchanged  in  weight ;  but 
•n  breaking  ihe  point,  the  air  rushed  in  with  a  hissiug  noise,  and  the  retort  had  gain- 
ed 10  grains  in  weight,  which  was  afterwards  found  to  have  been  all  acquired  by  the 
^ti.  A  similar  experiment  wts  made  by  Lavoisier  with  quicksilver,  which  in  a  con- 
filled  pertion  of  common  nir  wa0  converted  in  part,  into  red  oxide,  leaving  the  nitro* 
sen  01  the  air  unchanged,  and  from  the  oxide  the  oxygen  was  afterwards  expelled 
6y  heat,  and  fbond  to  be  pure,  while  the  quiclcaUver  was  recovered  in  the  metallic 
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Mo0t  oftjk  mei€ilfi  refuire  ta  be  heated  wUh  ehforeoal  in  a  furnace 
or  with  hydrogen  gas,  in  a  receiver  by  a  lens.;  or  by  a  current  of  this 
pa  passed  over  the  oxide  in  ao  ignited  porcelain  tube,  or  with  some 
other  substance  having  a  strong  attraction  lor  oxygen.  Charcoal  is 
mo^  commonly  employed,  both  in  philosophical  chemistry,  and  in  tho 
iuirnaces  of  the  arts ;  carbonic  acid  and  oxide  of  carbon,  are  the  gas- 
eous products,  and  the  metal  is  revived. 

Black  flux,  a  mixture  of  diy  charcoal  and  carbonate  of  potassa,  is 
often  employed  in  the  small  way  in  laboratories. 

(6.)  Jaygidvanism  and  e2ec^ric»^y.-^Van-Marum,  by  his  great  ekcr 
trical  machine,  decomposed  the  oxides  of  tin,  lead,  zinc,  and  antiiBO>* 
ixy.*  Galvanism,  aided  by  an  affinity  for  mercury,  has  decomposed 
even  lime,  baryta,  and  strontia ;  and  most  of  the  met«dlic  oxides, 
when  placed  between  its  poles,  are  decomposed,  and  give  up  their 
oxygen  at  the  positive,  and  the  metal  at  the  negative  pole. 

(c.)  By  ajffmUy^  withont  heat  or  galvanism* — This  is  seen  prinei^ 
pally  when  the  metals  are  in  the  sahne  form,  that  is,  when  their  ox^ 
id^s  are  combined  with  acids.  Thus,  hydrogen  and  its  varieties,  re- 
duce the  o^des  of  lead,  bismuth,  ^nd  silver ;  phosphorus  has  a  8imi-> 
lar  power,  and  one  inetiaJ,  by  its  superior  attraction,  both  for  the  oxy* 
gen  and  the  aci4  with  which  the  metal  is  combined,  will  often  pyor 
cipitate  another. 

(d.)  By  lighi^  which  reduces  some  metallic  oxides,  a^  those  <rf 
quicksilver. 

6.  G£N£BAi«  CHARACTSBs  OF  oxiDSs. — ^Thoir  properties  are  very 
diverse. 

(a.)  Most  of  them  are  pulverulent  substainees,  entirely  differenH 
in  appearance  from  the  metals,  and  often  difiering  as  much  from 
their  own  particular  metal,  as  from  any  other.  Iron  rust,  red  lead, 
red  precipitate,  or  red  oxide  of  mercury,  and  white  oxide  of  bis- 
muth, are  striking  examples.  The  tenacity,  lustre,  and  all  the  physi- 
cal properties  are  changed;  absolute  weight  is  indeed  always  in- 
creased, but  the  specific  weight  is  generally  diminished ;  potassa  and 
soda  are,  however,  exceptions. 

(6.)  Severed  of  the  metallic  oxides  melt  into  glass^  as  those  of 
lead,  bismuth,  and  zinc,  and  most  of  them  vitrify  with  alkaline,  saline, 
aiud  earthy  substa^c^s,^  and  acquire  permanent,  tmd  often  brijlitnt 
colors.. 

(c.)  Metals  form  not  only  oxides,  hut  a  few  of  them,  with  a  large 
proportion  of  oxygen,  become  add.  Such  are  chrome,  tungsten, 
molybdenum,  and  manganese ;  arsenic  gives  two  acids,  and  is  said  to 


«  Jour.  4q  Phys.  1786,  Tom.  XXVII,  p.  154. 
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be  the  only  metal  which,  bj  combinmg  with  oxygen,  does  not  form 
an  oxide,  but  acids  only.* 

(d.)  Metallic  oxides  combine  Vfilh  addif  to  form  sabs;  with  the 
exception  of  ammonia,  and  the  vegetable  bases,  morphia,  be.,  there 
is  no  saline  substance,  which  has  not  a  metallic  oxide  for  its  basis. 

(c.J  The  oxides  are  either  earths  or  alkalies,  or  oxides  properly 
so  called. f 

(/.)  In  this  view,  some  are  insoluble  in  water ^  some  highly  solu- 
ble^ some  acrid  and  active,  some  inert,  in  their  action  on  the  living 
body ;  some  change  the  vegetable  colors,  and  the  change  is  always 
different  from  that  produced  by  an  acid. 

7.  in  metallic  oxidej,  the  oxygen  is  always  in  definite  quantity^f 
and  different  metals  combine  with  different  proportions, 

(a.)  There  is  not,  as  formerly  supposed,  an  imperceptible  progress 
in  the  combination  of  oxygen  yrom  the  minimum  to  the  maximum  ;  be-' 
tween  the  definite  proportions  there  are  no  intermediate  stages. — 
Those  appearances  that  favor  the  opposite  supposition,  probably  arise 
from  mixture  of  various  proportions  of  different  oxides,  or  from  the 
feet  that  the  lowest  equivalent  of  oxygen  has  not  been  discovered. 
There  is  every  reason  to  believe  that  the  higher  proportions  are 
always  multiples  of  the  lower,  and  that  the  lowest  is  a  divisor  of  all 
the  higher  without  a  remainder.  At  least,  all  the  proportions  are 
multiples  of  a  whole  number,  and  divisible  by  a  whole  number  with- 
out a  remainder.! 

(6.)  The  proportions  can  therefore  be  always  expressed  by  num- 
bers,— ^Thus,  the  equivalent  or  combining  power  of  metallic  mercury 
is  expressed  by  200  and  that  of  oxygen  by  8.  Now  the  black  or 
protoxide  of  mercury  consists  of  mercury  200+  oxygen  8,  1  propor- 
tion, =208;  the  red  or  deutoxide  of  mercury  2004-  oxygen  16,  2 
proportions,  =216.  Manganese,  whose  equivalent  is  28,  has  a  green 
oxide,  containing  metal  28+  oxygen  8,  1  proportion,  =36;  a  black 
oxide,  with  metal  28+  oxygen  16,  2  proportions,  =44.§ 

(c.)  The  meteds  are  various  in  the  number  of  oxides  which  they 
form. — Some  have  but  one;  the  greater  number  have  two,  and 
many  three ;  some  perhaps  more. 

8.  Effect  of  water  in  forming  oxides. 

(a.)  Under  particular  circumstances,  water  is  decomposed  by  sev^ 
eral  of  the  metals;  by  some  at  a  common  temperature,  as  potassium. 


*  Turner.    It  is  is  obvious  that  what  is  usually  called  white  oxide  of  anenic,  is 
here  regarded  as  an  acid.  t  Vol.  I,  p.  189. 

t  This  has  been  already  explained  under  Attraction,  Vol.  I,  p.  160. 

J  There  is  another  oxide  of  manganese,  which  is  supposed  to  contain  metal  28 
oxygen  12,  which  would  indicate  H  proportion,  bat  perhapt  the  real  protoxide 
has  not  yet  been  discovered. 
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sodium  and  iron ;  by  others,  only  by  the  aid  of  a  high  degree  of  heat, 
as  antimony  and  tin ;  or  of  the  agency  of  acids,  as  copper,  lead  and 
bismuth ;  by  others  it  is  never  decomposed,  as  mercury,  gold,  silver 
and  platinum. 

(6.)  Water^  if  capable  alone  of  oxidizing  a  metalj  brin^M  it,  ai 
least ,  to  the  same  degree  of  oxidizement  wMch  it  toouU  recetvejrom 
an  add;  sometimes  to  a  higher,  never  to  a  lower.* 

(c.)  Water  dissolves  none  of  the  metals^  but  some  of  the  metallic 
oxides  are  soluble  m  it ;  this  is  especially  true,  since  the  alkalies  and 
earths  are  admitted  to  die  class  ol  oxides. 

9.  Effect  of  acids  in  fobming  oxides  and  salts. 

(a.)  The  stronger  acids  generally  act  on  metals  with  energy ,  and 
it  has  been  long  known  that  when  metals  are  precipitated  by  alkalies, 
from  their  solutions  in  acids,  they  are  recovered,  not  in  the  metallic 
Ibrm,  but  in  that  of  oxide. 

(6.)  An  acid  can  never  dissolve  a  metals  tUl  it  has  combined  with 
a  certain  portion  of  oxygen. — ^This  proportion  is  various  in  dilSerent 
cases,  and  in  the  same  metal  in  different  states  of  solution. 

(c.)  The  metallic  oxides  dissolve  in  acids  unthout  effervescence^ 
unless  the  proportion  of  oxygen  in  the  oxide  is  different  from  that 
which  is  required.  During  the  action  of  sulphuric  acid  on  the  red 
oxide  of  lead,  or  the  black  oxide  of  manganese,  in  both  of  which 
there  is  a  redundancy  of  oxygen,  there  is  an  effervescence,  a  por- 
tion of  oxygen  which  is  not  needed  for  the  union  being  disengaged  ; 
but  black  oxide  of  iron  will  dissolve  in  sulphuriq  acid  without  effer- 
vescence. 

(J.)  Metalsy  immersed  in  those  acids  which  have  an  attraction  for 
them^  are  often  dissolved  vnth  heat  and  effervescence. — In  all  such 
cases  there  is  a  decomposition,  either  of  the  acid  itself  or  of  the  water 
which  it  contains,  and  thus  the  metal  is  converted  into  an  oxide,  and 
now  becomes  soluble  m  the  acid,  or  in  that  portion  of  the  acid  which 
remains  undecomposed. 

(c.)  Gases  are  often  extricated  during  the  solution  of  metals. — If 
the  oxygen  be  derived  from  the  water,  then  the  gas  is  hydrogen,  as 
in  the -solution  of  iron  or  zinc  in  the  sulphuric  or  muriatic  acids;  if 
from  the  acid,  then  the  kind  of  gas  depends  on  the  nature  of  the  acid. 
Thus,  nitric  oxide  gas  is  liberated  during  the  action  of  nitric  acid  on 
iron,  and  hydrogen  if  muriatic  acid  act  on  the  same  metal.  Diluted 
sulphuric  acid,  with  zinc,  gives  hydrogen ;  strong  sulphuric  acid,  act- 
ing on  the  same  metal,  with  the  aid  of  heat,  produces  sulphurous  acid 
gas,  which  results  from  the  decomposition  of  the  acid.  Sometimes 
die  oxygen  is  obtained  from  the  atmosphere. 

*  Gay-Lussac,  quoted  by  Henry. 
Vot.  II.  16 
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(/.)  T%€  nitric  and  the  nitrtMnuriatic  acids ^  are  those  which  act 
most  readily  on  the  metals. — ^The  nitric  evolves  either  nitric  oxide, 
nitrous  oxide  or  nitrogen,  and  perhaps  sometimes  a  gas  analogous  to 
common  air ;  tbe  nitro-muriatic  emits  either  nitric  oxide  or  chlorine, 
or  both.  When  hydrogen  is  liberated,  as  during  the  action  of  diluted 
sulphuric  or  muriatic  acid  on  zinc  or  iron,  it  is  easy  to  prove  that 
the  acid  was  not  decomposed,  because,  by  the  aid  of  an  alkali,  it  may 
all  be  recovered ;  with  soda,  for  instance,  it  will  form  as  much  sul- 
phate of  soda  or  Glauber's  salt  as  if  no  hydrogen  had  been  produced* 

(g.)  The  quantity  of  hydrogen  gas  evolved  becomes  a  measure  of  the 
amount  of  oxygen  combined. — Every  100  cubic  inches  of  hydrogen 
gas  implies  the  combination  of  16.93  grs.  of  oxygen  ;  different 
metals  act  differently  in  this  respect,  and  it  is  found  that  to  obtain 
1  gr.  or  47.2  cubic  inches  of  hydrogen,  there  must  be  dissolved  28 
grains  of  iron,  58  of  tin,  44  of  antimony  and  34  of  zinc.  For  every 
grain  of  hydrogen  liberated,  8  grs.  of  oxygen  have  combined  with  the 
metal.  If  the  metal  is  impure,  or  was  previously  oxidized  in  part, 
there  will  be  less  hydrogen  evolved,  and  therefore,  upon  this  principle, 
a  judgment  is  formed  of  the  amount  of  real  metallic  iron  in  different 
samples  of  irbn  and  steel. — Henry. 

10.  Nomenclature  of  metallic  salts. — The  same  general 
principles  that  toere  explained  in  connexion  unih  the  alkaline  salts* 
are  applicable  here. — It  is  however  proper  to  add  that  the  nomenda" 
iure  of  the  oxides  is  extended  to  the  salts  ;  thus  proto  is  pre6xed  to 
salts  containing  the  first  oxide,  deuto  to  those  containing  the  second 
oxide,  and  so  on,  ending  with  per  for  those  containing  the  maximum 
oxide ;  thus,  we  have  proto-  and  per-sulphate  of  iron.  We  have  also 
sub  and  super  salts ;  the  latter  however  are  now  moro  generally  ex- 
pressed by  bis  or  bi.  Dr.  Thomson  has  proposed  to  us^  the  Greek 
syllable  dis  or  di,  when,  instead  of  2  proportions  of  acid,  there  are  2 
of  base ;  but  this  has  not  yet  come  into  general  use,  and  sub  is  still 
commonly  employed.f 

11.  Acids  DO  not   combine  with  metals,  but  with  their 

OXIDES. 

In  principle  there  is  no  distinction  between  alkaline,  earthy  and 
metaliic  salts :  it  has  been  already  stated,  that  all  salts,  with  the 
exception  of  those  of  ammonia  and  of  the  vegetable  bases,  consist 
of  acids  and  metallic  oxides,  and  that,  for  convenience,  the  salts 

•  Vol.  I,  p.  319. 

t  Dr.  Thomson  has  also  proposed  the  term  sesqui,  or  one  and  a  half,  (Latin.)  for 
those  cases  where  there  appears  to  be  such  a  proportion  of  either  of  the  consUtuent 
principles.  Perhaps  it  is  admissible  as  a  provisional  name,  but  we  may  with  proba- 
bility suppose  that  the  lowest  combining  proportion  has  not  been  discovered,  and 
that  when  it  shall  be,  the  fraction  will  vanish,  the  lowest  term  being  in  fact  that 
which  is  now  regarded  as  half  of  a  proportion,  or,  as  Dr.  Thomson  calls  it,  half  an  atom. 
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are,  in  this  work,  distributed  under  the  difierent  heads  of  allpdiesi 
earths  and  metals ;  the  most  important  salts  of  the  two  6r$t  descrip- 
tions have  been  already  treated  of.  The  metallic  salts  will  b^  de- 
scribed under  the  respective  metals,  but  a  few  general  facts  and  views 
mav  be  stated  now. 

(a.)  The  tneials  are  differently  oxidized  by  different  adds  and 
under  different  circumstances. — ^With  diluted  acids  and  in  the  cold) 
the  oxidation  is  generally  in  a  lower  degree,  but  the  air  may  impart 
more  oxygen  and  raise  it  to  a  higher  degree. 

(*.)  The  adds  vary  in  the  strength  ^  their  attraction^  as  the  efe- 
gree  of  oxidation  varies. — ^In  general  they  attract  protoxides  most 
powerfully,  and  a  protoxide  of  a  metal  may  be  soluble  in  a  particular 
acid  when  the  peroxide  is  not.  Heat  and  exposure  to  air  often  ef- 
fect such  a  change  that  a  portion  of  oxide  is  precipitated ;  this  often 
happens  with  the  green  sulphate  of  iron,  which,  by  keeping,  passes 
to  the  condition  of  the  red  sulphate,  and  lines  the  bottle  with  the  de- 
posited red  or  peroxide,  whose  affinity  for  the  acid  is  not  sufficient 
to  keep  it  in  sohidon.  Hence  a  peroxide  that  is  insoluble  in  the  ni- 
tric or  sulphuric  acid,  may  be  soluble  in  the  nitrous,  sulphurous  or 
muriauc  acid,  because  these  acids  attract  away  a  portion  of  oxygen.* 
The  muriauc  acid  is  a  good  solvent  of  metallic  oxides,  but  in  general 
it  is  not  so  good  a  solvent  of  metak.  It  is  often  used  to  detach  iron 
stains  from  botdes  and  other  glass  vessels. 

(c.)  In  general  f  adds  cofnbine  tdth  larger  quantities  of  peroxides  than 
of  protoxides^  but  tdth  a  weaker  affinity. — Hence  a  protoxide  may 
precipitate  a  peroxide,  and  the  spontaneous  precipitation  of  the  latter 
may  be  prevented  by  a  large  excess  of  add.  The  metallic  salts  have 
commonly  an  excess  of  acid,  and  the  acrimony  of  the  acids  is  in  them 
much  less  blunted  than  in  their  combinadons  with  alkalies  and  earths. 

{d.)  The  constituents  of  the  metallic  saltSj  like  those  of  the  aUca- 
lies  and  earths^  are  united  in  definite  proportions. — ^There  is  a  vety 
considerable  diversity  of  salts  of  the  same  metal  and  the  san^e  acid, 
produced  by  different  proportions  of  the  oxygen  in  the  oxides  and  of 
the  acid  combined  with  them.  The  green  sulphate  of  iron  has  very 
different  properties  from  the  red.  The  law  of  multiple  proportions 
prevails,  not  only  between  the  different  proportions  of  the  acids  and 
oxides  contained  in  different  salts  of  the  same  metal,  but  there  is  a 
relation  between  the  quantity  of  acid  in  a  given  salt  and  the  quantity 
of  oxygen  in  the  oxide  with  which  it  is  combined,  and  in  any  other 
oxide  with  which  it  can  combine.  This  important  law  was  discover- 
ed by  Gay-Lussac,f  and  is  thus  stated. 


*  Murray.  f  Memoires  d'Areueil,  11, 159,  and  Phil.  Mag.  XXXVII,  200. 
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(e.)  TTie  quantity  of  acid  required  in  different  metaUic'salts  is  in 
direct  proportion  to  the  quantity  of  oxygen  in  their  oxides.*  Thus,  if 
two  metals  combine  with  quantities  ol  oxygen  expressed  by  5  and  10 
respectively,  the  quantity  of  acid  required  to  saturate  their  oxides 
will  be  in  the  same  proportion.  This  discovery  is  founded  upon  the 
fact  that  when  one  metal  precipitates  another  from  a  solution  in  an 
acid,  it  takes  to  itself  both  the  oxygen  and  the  acid  with  which  the 
other  was  combined,  and  "  whatever  quantity  of  oxygen  there  may 
be  present,  the  quantity  of  acid  is  always  such  as  to  neutralize  the 
oxide  and  to  be  neutralized  by  it.  It  affords  therefore  a  method  of 
determining  the  constitution  of  metallic  salts ;  for  if  the  proportions 
of  oxygen  in  the  oxides,  which  are  their  bases,  are  determined,  we 
may  discover  by  it  the  quantities  of  acid ;  and  it  may  be  equally  ap- 
plied to  determine  the  composition  of  the  oxides,  for  if  the  quantities 
of  acid  be  determined,  we  may  infer  the  quantities  of  oxygen,  the 

Suantity  of  an  oxide  saturating  the  same  weight  of  an  acid  containing 
\e  same  Quantity  of  oxygen."f 

(/.)  Solubility  of  metallic  salts  in  water. — A  salt  whose  oxide  is  in 
the  maximum  state  is  commonly  more  soluble  in  water  than  when  it 
is  b  the  minimum,  for  the  acid  is  in  the  same  proportion,  and  the 
larger  the  quantity  of  acid,  in  general,  the  greater  is  tlie  solubility.^ 

Decomposition  of  metallic  salts. 

(a.)  Some  are  decomposed  by  heat. — ^The  nitrate  of  mercury  is  in 
this  manner  converted  into  red  precipitate,  or  even  into  running  mer- 
cury ;  the  sulphate  of  iron  into  red  oxide  or  colcothar ;  nitrate  of 
silver  gives  metallic  silver,  either  the  acid  alone,  or  both  the  acid  and 
the  oxide  with  which  it  is  combined,  being  decomposed.  Sometimes 
the  acid  is  expelled  without  much  decomposition,  as  when  sulphuric 
acid  is  obtained  by  distilling  sulphate  of  iron. 

(6.)  Some  are  decomposed  oy  water. — ^Thus,  nitrate  or  muriate 
of  bismuth  yields  most  of  its  acid  to  water,  and  the  oxide,  still 
perhaps  retaining  a  portion  of  acid,  is  thrown  down.  Nitrate  of  mer- 
cury, made  with  heat  or  with  a  strong  acid,  allows  part  of  its  oxide  to 
precipitate  when  the  soludon  is  diluted  with  water. 

(c.)  3%e  alkalies  and  alkaline  earths  are  most  commonly  employed 
for  the  decomposition  of  metallic  salts.  The  acid  is  transferred  to 
the  alkaline  substance,  and  forms  with  it  a  new  sak,  while  the  ox- 
ide is  precipitated.  Not  unfrequently,  a  little  acid  adheres  to  the 
oxide,  and  sometimes  a  portion  of  the  oxide  passes  into  the  new  sa- 
line combination. 


*  For  a  limitation,  necessary  to  render  the  Application  of  this  law  perfectly  correct, 
•ee  Henry,  11th  ed.  Vol.  I,  p.  514. 

t  Murray,  Vol.  II,  p.  136. 

t  Among  the  alkaline  aalts  there  are  rame  exceptions  to  this  law ;  cream  of  tartar 
or  hi-tartrate  of  potassa  is  much  less  soluble  than  when  the  excess  of  acid  is  satu- 
ratMl  with  alkali,  forming  soluble  Urtar. 
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Occasionally  also,  a  portion  of  the  oxide  is  dissolved  by  the  alkali. 
This  is  the  case,  particularly  with  ammonia,  which  forms  with  the 
oxides  ammoniuretSy  and  Dr.  Henry  states  that  it  dissolves  fifteen 
oxides,  or  hydrated  oxides^^  viz.  "  oxide  of  zinc  ;  deutoxide  of  ar- 
senic ;  both  oxides  of  copper ;  oxide  of  silver ;  tritoxide,  and  te- 
troxide  of  antimony ;  oxide  of  tellurium ;  protoxides  of  nickel,  cobah 
and  iron ;  peroxide  of  tin ;  deutoxide  ^f  mercury ;  and  deutoxides 
of  gold  and  platinum." 

Heat,  by  causing  a  combination  between  the  oxygen  of  the  oxide, 
and  the  hydrogen  of  the  ammonia,  decomposes  the  ammoniurets,  and 
sometimes,  as  in  those  of  silver  and  gold,  with  explosion,  to  which 
effect  the  liberation  of  nitrogen  contributes. 

When  a  carbonate  of  an  alkali  is  used  to  decompose  a  metallic  so- 
lution, the  oxide  is  precipitated  in  combination  with  carbonic  acid, 
forming  a  carbonate,  which,  by  the  addition  of  an  acid,  is  redis- 
solved,  with  effervescence,  while  the  oxide  alone  would  have  been 
redissolved  quietly. 

(d.)  Alkalies  have  in  general^  little  action  an  the  metaU  ;  but  their 
solutions  oxidize  the  metals.f 

(e.)  It  has  been  already  remarked^  that  metallic  oxides  are  often 
easily  dissolved  in  alkalies*  Contrary  to  what  happens  with  acids, 
the  affinity  is  stronger  the  more  highly  the  metal  is  oxidized.  The 
combination  is  usually  brought  about  in  the  humid  way,  but  some  of 
these  compounds  are  vitrifiable. 

(/.)  By  inflammable  substances^  especially  token-  aided  by  light. 
Thus,  phosphorus,  hydrogen  and  charcoal  precipitate  silver  from  ni- 
trate oi  silver,  and  hydrogen  reduces  muriate  of  bismuth,  and  acetate 
and  nitrate  of  lead.  More  instances  will  be  mentioned  in  giving  the 
history  of  the  particular  metals. 

(g.)  Metallic    salts    are    often  decomposed    bt   other 

METALS. 

The  metals  have  different  degrees  of  attraction  for  the  same  acid^ 
and  for  the  oxygen  of  the  oooide^  and  hence  arise  metallic  precipita'- 
tions. 

Thus,  silver,  mercury,  copper  and  lead  are  precipitated  from  the 
nitric  acid,  by  iron  or  zinc — ^lead  precipitates  mercury,  and  mercury 
silver.  Iron  is  more  extensively  employed  for  metallic  precipitations 
than  any  other  metal,  and  after  it,  iron,  copper  and  zinc.  The  effect 
is  supposed  to  depend  principally  upon  the  affinity  of  oxygen  for  the 


•  Vol.  r,  p.  618,  lllh  Ed. 

t  Alkaline  solutions  ■ometimes  change  the  color  of  metallic  oxides,  by  taking 
away  a  portion  of  oxygen.  The  red  oxide  of  iron  is  soon  converted  Into  the  black, 
by  a  solution  of  potash.  In  the  case  of  ammonia,  this  is  not  perhaps  surprising, 
as  it  contains  hydrogen,  which  attracts  oxygen  powerfully,  and  we  now  know  that 
the  fixed  alkalies  do  also  attract  oxygen,  anid  can  become  more  highly  oxidized. 
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metal  introduced ;  but  the  acids  have  their  share  in  producing  the 
effect,  and  the  metals  themselves  operate  also,  to  a  degree,  by  their 
affinity  for  each  other ;  for  metallic  precipitation  takes  place  moat 
easily  where  these  affinities  are  known  to  exist,  and  the  precipitated 
metsd  generally  retains  a  little  of  that  which  was  used  to  precipiute 
it.  Some  beautiful  effects  depend  upon  metallic  precipitation ;  as 
when  nitrate  of  silver  is  decomposed  by  mercury,  or  acetate  or  ni- 
trate of  lead  by  zinc ;  there  is  an  elegant  arborescence  of  the  precip- 
itated metal  in  brilliant  crystalline  shoots,  or  leaves,  which  grow  and 
change  from  day  to  day,  until  the  effect  has  obtained  its  maximum. 
It  is  now  known  to  depend,  (after  the  very  first  precipitation  which  is 
purely  chemical,)  upon  galvanic  laws,  as  the  two  metals  and  the  sa- 
line fluid  form  a  regular  galvanic  series,  and  will  be  more  fully  ex- 
Rlained  under  galvanism.*  MetaUic  precipitation  is  employed  large- 
/  in  some  of  the  arts ;  in  the  mints,  silver  is  precipitated  from  the  ni- 
tric solution  by  copper. 

12.  Metallic  oxides  combine  with  water  forming  hydrata  or  hy- 
drated  oxides. 

The  term  was  not  perhaps  happily  chosen,  as  it  may  seem  to  im- 
ply some  connexion  with  hydrogen,  and  the  termination  is  ako  that 
which  is  appropriated  to  the  salts. 

The  hydrates  of  the  metallic  oxides  are  obtained  by  precipitation, 
usually  from  the  muriate,  nitrate,  or  sulphate  of  the  metal  by  means 
of  an  aqueous  solution  of  either  of  the  alkalies ;  the  precipitate,  after 
being  washed,  is  carefully  dried  by  a  very  mild  heat.  The  hydrated 
oxides  are  generally  more  soluble  in  acids  than  the  oxides  witliout 
the  water,  f  Some  of  the  hydrates  are  found  native,  such  is  the 
brown  oxide  of  iron. 

The  hydrates  of  the  fixed  alkalies,  and  of  the  earths  strontia  and 
baryta,  retain  their  water  with  so  much  force,  that  a  red  heat  does  not 
separate  it,  and  the  intervention  of  another  substance  operating  by  its 
affinity,  is  necessary.  The  proper  metallic  oxides  are,  with  few 
exceptions,  nearly  or  quite  insoluble  in  water. 

The  deutoxide  of  arsenic,  now  generally  called  by  chemists,  arsen- 
tous  acid,  and  the  oxide  of  osmium  are  soluble  in  water ;  also  the  ox- 
ide of  molybdenum,  deutoxide  of  mercury,  and  trit-  and  tetroxide  of 
antimony,  in  a  degree  not  exceeding  one  part  in  a  thousand. — H. 

The  alkaUes  are  largely,  and  several  of  the  earths  considerably  so- 
luble. 


*  For  a  curious  law  deduced  by  Lavoisier,  respecting  the  proportion  of  the  precip- 
itating and  [•^ecipitated  metal,  and  of  the  o^cy^en  which  they  recpecrivrty  require, 
see  Henry,  Vol.  1,  p.  486. 

I  Berzeliuf  stales  that  they  are  definite  componmlH  iu  which  tho  oxygen  of  the 
water  is  equal  to  that  of  the  oxide. 
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18.  The.  earths  have  liitle  actum  an  the  inetah^  but  by  fdsion  they 
readily  unite  with  their  oxides,  and  thus  the  colored  glasses  are 
formed,  as  already  stated  under  the  history  of  glass. 

II.  Chlorine — its  action  on  tnetab.  In  giving  the  history  of 
chlorine,  some  leading  facts  relating  to  this  subject  were  anticipated. 
It  remains  to  present  them  in  relation  to  the  metals,  in  a  concise  and 
connected  manner. 

1.  Chlorine  combifies  mth  all  the  metals^  and  it  acts  upon  many  of 
them  with  energy. 

•(«.)  It  bums  those  that  readily  combine  loith  oxygen.  Pow- 
dered arsenic,  bismuth,  or  antimony,  or  the  sulphuret  of  the  latter, 
dirown  into  the  warm  gas,  burns  with  flame. 

Several  other  metals  exhibit  similar  phenomena.  Generally,  the 
metals  are  introduced  in  such  a  form  as  to  present  an  extended  sur- 
ftice,  as  in  leaves,  or  in  powder ;  about  1  grain  of  the  metal,  to  1 
cubic  inch  of  the  gas,  not  colder  than  70°, 

The  action  of  each  metal  upon  chlorine  will  be  mentioned  under 
the  history  of  the  particular  metals. 

{b.)   The  compounds  formed  are  called  chlorides. 

(c.)  The  attraction  of  chlorine  for  the  metals  is  stronger  than  that 
of  oxygen.  Brought  into  contact  at  ignition,  with  the  fixed  alkalies 
and  alkaline  earths,  as  by  passing  the  chlorine  gas  over  them  in  a 
porcelain  tube,  it  expels  their  oxygen,  and  combines  with  the  metal, 
and  no  degree  of  heat  has  been  found  sufficient  to  separate  the  chlo- 
rine from  such  a  combination. 

(d.)  Most  of  the  metallic  oxides^  {usually  so  called^)  are  affected 
in  the  same  manner  by  the  same  treatment  ;  and  some  of  them  com- 
bine with  chlorine,  and  give  up  their  oxygen  even  below  ignition. 

(e.)  Various  metals,  on  being  heated  in  muriatic  add  gas,  absorb 
its  chlorine,  liberate  its  hydrogen,  and  thus  form  chlorides. 

(/.)  It  results,  that  the  action  of  chlorine  and  muriatic  add  on 
metals,  and  on  metallic  oxides,  with  an  appropriate  degree  of  heat, 
produces  the  same  com/pounds,  namely,  chlorides. 

2.  Chlorides — Muriates. 

We  have  already  presented  a  view  of  the  connexion  between 
these  productions,  so  closely  allied,  and  still  so  different. 

(a.)  The  Chlorides. — ^Properties,  solid,  excepting  two,  Ae 
bi-chlorides  of  tin  and  of  arsenic,  which  are  fluid  ;  Jusible,  and  crys- 
tallize on  cooling,  sometimes  with  regularity.  Some  are  volatile,  as  ' 
those  of  tin,  arsenic,  antimony,  and  mercury,  and  are  sublimed  with- 
out change ;  their  appearance  is  like  that  of  saline  bodies  5  most  of 
them  are  soluble  ill  water,  but  the  chloride  of  silver,  (the  muriate,) 
and  the  proto^hloride  of  mercury,  (calomel,)  are  insoluble. 
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(b.)  In  general^  thky  are  not  decompa$able  by  heat.  The  chlo- 
rides of  gold  and  platinum  are  exceptions,  as  they  are  reduced  by 
heat.* 

(c.)  Hydrogen  gcUj  irith  igniiionj  decomposes  the  chlorides^  form- 
ing muriatic  acid  gas,  and  liberating  the  metal ;  they  are  not  decom- 
posed by  charcoal,  unless  it  is  moist. 

(d.)  Muriates  are  formed  from  chlorides^  as  has  been  ahready  sta- 
ted in  the  history  of  chlorine.  . 

Diluted  muriatic  acid,  acting  on  metals  that  decompose  water, 
forms  muriates,  as  in  the  case  of  iron ;  or  with  an  oxide  of  the  me- 
tal, this  acid  produces  the  same  result. 

(e.)  In  some  cases^  crystallization^  it  is  saidy  changes  the  muriate 
into  a  chloride^  as  with  potassa  and  soda,  while  in  other  instances, 
the  muriate  crystallizes  as  such ;  this  has  been  already  stated  with 
respect  to  baryta,  strontia,  lime,  magnesia,  and  alumina ;  and  the 
oxides  of  copper,  and  manganese  are  added  ;  all  these  are  supposed 
to  consist  of  definite  proportions  of  muriatic  acid,  oxide,  and  water. 
If  heated,  the  crystallized  muriate  first  loses  its  water  of  crystalliza- 
tion, and  then  the  oxygen  of  the  oxide,  and  the  hydrogen  of  the 
muriatic  acid  unite  and  pass  off  in  watery  vapor,  while  the  chlorine 
and  metal  remain  in  union  to  form  the  chloride.  On  being  dissolved 
in  water,  the  reverse  changes  are  supposed  to  happen,  from  the  de- 
composition of  that  fluid. 

(/.)  Insoluble  chlorides  are  supposed  to  remain  permanently  the 
same, — Some  admit  that  the  chlorides  are  soluble  in  water,  without 
any  change,  and  especially  that  those  metals  which  have  little  at- 
traction for  oxygen,  when  combined  with  chlorine,  retain  whether 
moist  or  dry,  the  condition  of  chloride  ;  such  are  gold,  platinum,  silver 
and  mercury.  Those  chlorides  whose  metals  have  a  moderate  at- 
traction for  oxygen  may,  when  dissolved  in  water,  be  regarded  per- 
haps with  equal  probability,  as  muriates  or  chlorides ;  such  are  tlie 
chlorides  of  copper,  lead,  nickel,  and  cobalt.t 

3.  Chlorine  unites  also  with  metallic  oxides. 

Several  of  the  most  important  of  these  compounds  have  been  alrea- 
dy treated  of. 

(a.)  They  areformed^  and  can  const  only  at  low  temperatures^  and 
are  very  liable  to  decomposition^  passing  into  new  forms  of  existence,  as 
chlorates,  chlorides,  and  muriates.  We  are  acquainted  with  at  least 
the  chlorides  of  the  fixed  alkalies,  and  alkaline  earths ;  those  of  the 
oxides  of  zinc,  copper,  and  iron  have  also  been  formed.J 

The  most  useful  of  these  compounds  are  the  chlorides  of  potassa 
and  soda,  which  can  exist  only  in  dilute  solution,  and  in  the  cold ; 
and  the  chloride  of  lime,  which  is  formed  with  the  dry  hydrate  as 

••  Tamer.       t  Murray.  t  Ann.  de  Chim.  et  de  Phyi.  T.  XVIL 
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well  as  with  the  wet,  but  it  is  gradually  •  decomposed  by  keeping ; 
even  the  carbonic  acid  of  the  atmosphere  separates  the  chlorine. 

The  principles  of  the  nomenclature  of  the  salts  are  extended  also 
to  the  chlorides;  thus  we  have  chloride,  proto-chloride,  deuto- 
chloride,  hi-chloride,  &c.  terms  which  need  no  explanation.  The 
student  will  of  course  disiinguisb  between  a  chloride,  which  is  a  com- 
pound of  chlorine  and  a  base  ;  a  chlorate,  which  is  a  compound  of 
chloric  acid,  (chlorine  and  oxygen,)  and  the  oxide  of  a  base ;  and  a 
muriate,  which  is  composed  of  muriatic  acid  (chlorine  and  hydrogen,) 
and  the  oxide  of  a  base.  Thus  we  have  chloride  of  potassium,  and 
chlorate  and  muriate  of  potassa,  &^.*  Hitherto,  chlorine  has  not 
been  found  to  combine  in  more  than  two  proportions  with  any  one 
metallic  base.f 

III.  Iodine| — its  relations  to  the  metals. 

1  •  Iodine  has  a  strong  affinity  for  metals^  and  unites  with  them  aU* 
Sometimes  mere  contact  is  sufficient,  as  with  potassium ;  at  other 
times,  a  moderate  heat  b  applied,  as  with  mercury,  and  at  others 
the  tmion  is  formed  indirectly,  from  the  compounds  of  the  two  sub- 
stances. Some  of  the  compounds  of  iodine  with  metals  have  fine 
colors. 

These  compounds  are  called  iodides^  in  analogy  with  oxides  and 
chlorides. 

2.  Chlorine  separates  iodine,  from  aU  the  metals;  if  it  be  passed 
in  gas  over  a  heated  metallic  iodide,  the  iodine  is  evolved. 

3.  In  general f  oasygen  gas  passed  at  ignition^  over  metallic  iodides, 
separates  the  iodine  and  forms  oxides  ;  thus  it  appears  that  the  af- 
finity of  iodine  for  the  metals  is  inferior  both  to  that  of  chlorine  and 
oxygen. 

4.  But  some  of  the  metallic  oxides  are  decomposed  at  ignition 
by  vapor  of  iodine.  The  instances  hitherto  known  are  those  of 
potassa,  soda,  protoxide  of  lead,  and  oxide  of  bismuth.^ 

6.  Vapor  of  iodine  passed  over  red  hot  lime,  baryta^  and  sironr 
iia,  does  not  decompose  these  oxides,  but  combines  with  them  to 
form  an  iodide  of  the  oxide,  being  in  this  respect  unlike  chlorine, 
which,  in  the  same  circumstances,  forms  a  chloride  of  the  metal. 

No  other  iodide  of  an  oxide  is  formed  in  the  same  way,  and  an^ 
other  iodides  of  oxides,  of  which  there  are  very  few,  have  theu* 
principles  united  by  very  feeble  affinities,  and  are  decomposed  at 
Ignition.  It  has  been  already  stated,  that  iodine,  added  to  solutions 
of  alkalies,  or  alkaline  earths,  forms  iodates,  and  hydriodates,  by  the 


*  See  pp.  45,  46.  t  There  are  three  chlorides  of  carhon,  pp.  21 ,  22. 

t  For  ttie  discovery  of  iedine  in  the  Saratoga  mineral  waters,  tee  Am.  Jour.  Vol. 
XYl,  p.  216,  Dr.  Usher;  p.  242,  Dr.  Steel.  §  Turner. 

Vol.  n.  16 
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decomposuion  of  water,  just  as  happens  witli  clilorine,  which,  in  the 
same  circumstances,  forms  chlorates  and  muriates. 

IV.  Bromine  ;*  its  relation  to  the  metals. 

A  general  view  of  this  relation  has  been  given  under  bromine,f 
and  some  facts  may  be  added  under  the  particular  metals.  The 
compounds  are  called  bromides,  and  by  some,  bromurets,  but  the 
former  term  is  preferable,  as  corresponding  better  with  oxides,  chlo- 
rides, and  iodides.  The  bromides  are  formed  either  by  the  direct 
action  of  bromine  upon  the  metals,  or  upon  their  oxides,  the  pro- 
cess being  aided  by  heat ;  or  by  the  same  agent,  the  hydro-bromates 
are  turned  into  bromides,  by  a  theory  already  explained. 

I  have  observed  that  the  action  of  potassium  upon  bromine,  as 
slated  by  Mr.  Balard,  is  extremely  violent,  and  attended  not  only 
with  light  and  heat,  but  with  explosion  ;  it  is  sufficient  for  this  pur- 
pose, to  throw  a  small  piece  of  potassium  into  a  wine  glass  contain- 
ing a  few  drops  of  bromine. 

V.  Simple  combustibles. 

Most  of  the  metals  unite  with  some  of  the  simple  eombuMibles,  but 
not  with  all.     Nitrogen  unites  with  none  of  them. 

1.  PnosPHORUs.-Pelletier  first  combined  phosphorus  with  metals.  J 

(a.)  It  may  he  done  by  plunging,  with  a  long  forceps,  pieces  of 
phosphorus  into  the  bottom  of  a  crucible  containing  the  melted  metal; 
but  most  of  the  phosphorus  is  dissipated  in  flame. 

(6.)  It  is  better  effected  by  mixing  the  vitreous  phosphoric  add 
toith  charcoal  and  the  metals,  and  by  exposing  them  to  heat,  when  at 
the  moment  of  the  liberation  of  the  phosphorus,  by  aid  of  the  carbon, 
from  its  union  with  the  oxygen,  the  phosphorus  and  the  metal  unite  ; 
and  the  same  object  is  effected  by  heating  the  phosphates  and 
the  metals  with  charcoal.  Some  metals  which  attract  oxygen  pow- 
erfully, decompose  the  phosphoric  acid  without  charcoal  and  form  a 
phosphuret. 

(c.)  Phosphuretted  hydrogen  passed  over  metallic  oxides,  ignited 
in  a  porcelain  tube,  forms  phosphurets  ;  the  phosphorus  uniting  to  the 
metd  and  the  oxygen  of  the  oxide  to  the  hydrogen  of  the  gas,  to 
form  water. 

(d.)  The  metallic  phosphurets  are  brittle,  dark  colored  bodies,  retain^ 
ing  something  of  the  metallic  lustre;  but  being  hitherto  useless,  their 
properties  have  been  little  mvestigated,  and  for  the  litde  we  know  of 
them  we  are  indebted  almost  exclusively  to  the  researches  of  Pelletier.^ 

*  Prof.  Torrey  informs  me  that  &  drop  of  Bromine  produced  a  blister  on  his  hand. 
Bromine  has  been  inut>duced  into  medicine  under  the  form  of  per  bromide  of  mer- 
cury, t  See  p.  89. 

t  Ann.  de  Ch.  Tom.  I  and  Xfll. 

§  Ann.  de  Ch.  Tom.  XII  and  XIV,  and  Rose  in  Ann.  de  Ch.  et  de  Ph.  Feb.  and 
Aug.  1827. — ^The  phosphurets  of  the  alkalies  and  earths  have  been  already  describ- 
ed under  the  history  ot  those  bodies. 
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2.  Hydrogen. 

(a.)  In  general,  forms  no  union  vnth  the  metals. — ^A  minute  por- 
tion seems  to  go  over  with  the  hydrogen  gas  extricated  during  the 
solution  of  some  of  the  metals  in  acids ;  as  is  said  to  be  the  case  with 
zinCy  and  in  a  small  degree,  with  iron. 

(6.)  The  most  decided  compounds  of  hydrogen  with  metals  are 
found  in  the  cases  of  arsenic,  tellurium  ana  potassium,  aU  of  which 
are  in  the  gaseous  form;  but  there  is  also  a  compound  of  tellurium 
and  of  arsenic  in  the  solid  form ;  that  of  tellurium  appears  when,  in 
the  galvanic  circuit  this  metal  is  employed  at  the  negative  pole,  in 
the  decomposition  of  water ;  the  hydrogen  does  not  escape  as  a  gas, 
but  combines  with  the  metal  and  falls  in  the  form  of  a  brown  powder. 
That  of  arsenic  is  obtained  by  decomposing  water  by  an  alloy  of  po- 
tassium and  arsenic ;  it  appears  in  chesnut  brown  flocks. 

3.  Carbon. 

(a.)  Carbon  combines  with  only  one*  of  the  metals,  namely,  iron  ; 
forming  steel  and  cast  iron ;  both  of  which  are  carburets  of  iron, 
more  or  less  impure ;  the  method  of  forming  steel  will  be  mentioned 
under  the  article  iron. 

(6.)  The  natvoe  carburet  of  iron  exists  in  abundance  in  the  form 
of  plumbago,  commonly  called  black  lead,  but  as  the  iron  appears 
to  be  very  variable  in  the  proportion,  it  is  possible  it  may  be  like  the 
silica  and  other  earths,  adventiuous. 

4.  Sulphur. 

(a.)  Exists  natively,  combined  unth  many  of  the  metals,  forming 
some  of  the  most  common  ores. 

(b.)  Sulphurets  are  formed  by  heating  the  metal,  in  filings,  leaves 
or  sheets,  in  contact  imth  sulphur;  the  union  is  sometimes  attended 
by  a  bright  light  and  great  heat,  resembling  combustion.f  This 
happens  in  vacuo  or  in  any  gas,  and  appears  to  be  dependent  exclu- 
sively on  the  reaction  of  die  bodies  themselves.  It  is  not  therefore 
a  combustion  in  the  usual  sense  of  that  word,  although  it  is  now 
common  to  call  every  case  of  energetic  chemical  union,  with  evo- 
lution of  heat  and  light,  a  combustion,  j;  Filings  of  iron  45,  or  cop- 
per 40  parts,  and  15  of  sulphur  slowly  mehed  in  a  glass  tube  or  flask, 
(one  point  being  heated  a  little  more  than  the  rest,)  combine  with  bril- 


*  It  Is  said  by  some  to  combine  with  zinc. — Murrarfi  Elcm. 

f  Probably  the  emerfcence  of  heat  and  light  is  dependent  upon  the  same  geaeral 
causes  that  evolve  them  in  combustion,  of  which  a  change  of  capacity  has  usually 
been  regarded  the  chief;  it  aflbrds  however  only  an  imperfect  explanation  in  some 
cases,  and  is  entirely  inapplicable  in  others. 

\  Were  Uiis  a  combustion,  as  the  word  was  formerly  used,  the  iron  woald  be  fousd 
oxidized  and  the  sulphur  acidified ;  but  the  compound,  by  the  aid  of  an  acid,  de- 
composes water,  and  sulphur  rises  dissolved  in  the  hydroren,  both  of  which  facts  are 
inoonsisteBt  with  a  previous  combustion ;  and  even  the  bt-sulphuret  is  still  entirely 
combustible.  See  remarks,  p.  96. 
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liant  ignition.*    A  similar  appearance  is  exhibited  during  the  com- 
bination of  sulphur  with  lead,  bismuth,  sodium  and  potasrium'. 

(c.)  Oold^  tin  and  zinc  do  not  combine  toith  stUphur  by  Jusion^ 
although  they  are  readily  dissolved  by  the  alkaline  sulphurets.  The 
attraction  of  the  metals  for  sulphur  is  different,  and  they  may  be 
even  made  to  separate  each  other  from  it,  in  a  certain  order. f  Thus, 
sulphuret  of  mercury  is  decomposed  by  ignition  with  iron  filings, 
which  absorb  the  sulphur,  while  the  metal  distils  over.  Sulphuret  of 
antimony  is  decomposed  in  a  similar  manner. 

{d,)  Metallic  sulphurets  are  obtained  also  by  heating  sulpkur  with 
the  oxides  of  metals,  whose  oxygen  flies  away  with  a  part  of  the  sul- 
phur in  the  form  of  acid,  while  another  portion  of  sulphur  combines 
with  the  metal.]:  This  is  supposed  to  happen  when  sulphur  is  heated 
with  potassa,  so  that  the  compound  is  a  sulphtu'et,  not  of  potassa,  but  of 
potassium.]: 

(e.)  ^  similar  result  is  obtained,  when  sulphates  are  decomposed 
by  ignition  with  inflammable  matter,  particularly  with  hydrogen, 
passed  over  the  pulverized  or  melted  sulphate  in  a  red  hot  tube,  and 
by  charcoal  heated  with  the  sulphate  in  a  similar  manner  in  a  cruci- 
ble. 

It  is  now  fully  ascertained  that  the  resulting  compound  is  not  a 
sulphuret  of  the  oxide,  but  a  sulphuret  of  the  metallic  base.§  This 
enables  us  to  understand  why  it  so  readily  decomposes  water  and 
forms  sulphuretted  hydrogen,  especially  when  aided  by  an  acid  ;  the 
proto-sulphiuret  is  chiefly  active  in  this  way,  the  bi^sulphuret  being 
much  more  stable  in  its  composition. 

PROPERTIES  OF  SULPHURETS  OF  METALS. 

(a.)  Lustre  often  sub-metallic;  those  of  antimony,  lead  and  iron^ 
have  commonly  a  high  lustre ;  opake,  britde,  more  fusible  than  the 
metal  which  diey  contain,  generally  fixed  in  the  fire,  but  those  of 
arsenic,  and  mercury  (orpiraent  and  cinnabar,)  are  very  volatile. 
Commonly  not  decomposed  by  heat,  at  least,  when  they  contain  only 
one  proportion  of  sulphur,  but  if  there  is  an  additional  proportion, 
that  part  is  more  easily  expelled. 

*  Guei,  amounting  to  9  or  10  tiroes  the  volume  of  the  materials,  and  consisUng  of 
sulphuretted  hydrogen  and  sulphurous  acid,  are  evolTed.»Phil.  Trans.  1803,  note 
to  9\r  H.  Davy  s  paper  on  alkalies.  Some  moisture  in  the  sulphur  and  a  litde  oxi- 
dation of  the  metal,  are  thought  to  account  for  the  fact  —Ann.  de  Chim.  Feb.  1807. 
In  the  case  cited  by  Sir  H.  Davy  copper  and  sulphur  were  employed. 

t  Black.  Vol.  II.  p.  418. 

t  And  perhaps  also  a  part  of  the  acid  combines  with  a  part  of  the  oxide  of  the  base. 

J  See  Dr.  Henry  and  Dt.  Turner,  also  Ann.  de  Chim.  et  de  Phys.  Vol.  VI,  XX. 
XXH. 
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The  diflferent  proportioos  are  indicated  by  a  nomenclature  fimned 
upon  the  same  principles  that  have  been  explained.  Thus  we  have 
sulphuret  or  proto-sulphuret — sub-sulphuret  and  bi-sulphuret. 

(6.)  7%e  higher  proportions  ofstuphur  are  multiples  of  the  lowest. 
-^Thus  the  magnetic  pyrites  or  proto-sulphuret  of  iron,  is  composed 
of  iron  100,  sulphur  58^,  and  the  bi-sulphuret  or  iron  pyrites  of  100 
iroD+117  sulphur,  the  sulphur  in  the  second  instance  being  double 
of  that  in  the  first. 

(c.)  The  sidphurets  are  decomposed,  if  heat  and  air  operaie  upon 
them  at  the  same  time,  for  the  oxygen  of  the  air  attracts  the  sulphur 
to  form  acid,  and  the  metal  to  form  an  oxide.  It  is  upon  this  prin- 
ciple that  the  sulphurets  are  roasted  in  metallurgic  operations,  the 
metal  being  left  in  the  state  of  oxide. 

{dJ\  But  if  the  sulphuret  retains  its  sulphur  with  sufficient  power ^ 
it  will  he  addified  while  the  metal  is  oxidized j  and  thus  a  sulphate  of 
the  oxide  will  be  formed.  This  is  the  foundation  of  the  manufacture 
of  copperas.*  It  has  been  proved  by  Berzelius,  that  the  quantity  of 
sulphur  existing  in  a  metallic  sulphate  and  sulphuret  of  the  same 
metal  is  the  same. 
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(a.)  7%e  former  opinion  respecting  the  nature  of  the  sulphurets 
of  the  fixed  alkalies  and  earths^  has  been  modified,  and  on  p.  352, 
Vol.  I,  it  has  been  stated  under  what  circumstances  they  are  to  be 
regarded  as  compounds  of  sulphur  and  oxides,  and  when  of  sulphur 
and  metals. 

(&.)  In  general,  sulphur  does  not  unite  with  the  common  metaBie 
oxides  ;  but  it  is  believed  that  mercury,  zinc,  and  manganese,];  are 
exceptions,  as  sulphur  unites  not  with  the  metals  but  with  their  oxides* 
The  muriatic  and  sulphuric  acids  evolve  sulphuretted  hydrc^en  from 
sulphuretted  oxides,  provided  they  are  in  the  condition  of  protox- 
ides ;  if  of  peroxides,  the  latter  dissolve  without  emission  of  gas  and 
let  go  the  sulphur. 

(c.)  Sulphuretted  hydrogen  and  hydro-sulphurets  decompose  the 
metaUic  solutions,^  and  form  sulphurets  or  hyaro-^phurets. 


*  For  instance,  as  carried  on  at  Staiibrd,  Vermont,  twelve  miles  west  of  Dartmoatii 
College  ;  the  ore  there  is  the  magnetic  pyrites  or  native  proto-suiphuret 

t  Gay-Lussac,  (quoted  on  p.  852,  Vol.  I,)  says,  that  if  a  metaUic  oxide  is  heated 
below  redness  with  sulphur,  the  product  is  a  sulphuretted  oxide. 

t  Doubts  are  entertained  whether  there  are  any  true  sulphareti  of  oxides  6Te» 
of  these  meUls.    See  Henry,  11th  Ed.  Vol.  I,  n.  631,  note. 

§  All  the  metallic  salts  are  decomposed  by  tne  hydro-sulphuret  of  ammonia  or  • 
potassa,  but  the  solutions  of  manganese,  iron,  nickel  and  cobalt,  are  not  decomposed 
by  sulphuretted  hydrogen,  unless  they  ara  dissolved  in  weak  adds,  as  the  aeetic,  tar- 
taric, and  oxalic,  and  the  ammoniurels  of  these  metals  are  entirely  deeompoeed  by 
sulphuretted  hydrogen. 
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id,)  Sulphuretted  hydrogen  tamisha  most  of  the  metah;  it  unites 
1  mercury  and  silver,*  but  m  general  it  combines  with  metallic  ox- 
ides rather  than  with  metals. 

(e.)  It  is  an  excellent  test  of  the  presence  ofmetab  in  solution^  and 
the  color  of  the  precipitate  indicates  what  metal  is  present. — ^In  the 
course  of  some  time,  these  precipitates  are  often  spontaneously  de- 
composed ;  the  oxygen  of  the  oxide  unites  with  the  hydrogen  of  the 
sulphuretted  hydrogen  and  forms  water,  while  the  sulphur  combines 
with  the  metaL 

(f)  By  using  hydrogenized  stdpkurets  of  the  alkalies  j  toe  may  ob- 
tain kydrogenized  stdpkarets  of  the  metals, — Some  metals  that  do 
not  unite  directly  with  sulphur,  can  be  made  to  combine  with  it  by 
being  heated  with  an  alkaline  sulphuret,  and  then  they  become  even 
soluble  in  water,  but  neither  the  nature  of  the  action  nor  the  condition 
of  the  metal  when  dissolved,  is  very  well  understood. — Murray, 

Other  particulars  relating  lo  the  action  of  sulphur  and  its  com- 
pounds upon  the  metals  and  their  compounds,  will  be  mentioned  in 
giving  the  history  of  the  individual  mecals. 

VL  Selenium. 

Selenium  readily  unites  with  the  metals  at  a  high  temperature,  as 
the  hydro-selenic  acid  does  with  the  oxides  of  the  metals  in  metallic 
fN>lutions,  but  the  metallic  seleniurets  have  a  very  close  resemblance 
to  the  metallic  sulphurets,  and  no  particular  instruction  would  be 
gained  by  gomg  over  their  history. 

Vn.  The  salts. 

(a.)  The  saline  bodies  have  in  general  no  very  marked  actum  upon 
the  metals;  the  chief  exceptions  are  in  the  case  of  the  sulphates,  ni- 
iratesj  ehlorates  anaiodates;^  all  these,  when  aided  by  heat,  and  the 
three  last  frequently  by  pressure  alone,  act  upon  me^s  that  have  a 
strong  attraction  for  oxygen,  and 

(&.)  TAetr  action  is  ottribuSiAle  to  the  oxygen  contained  in  their 
respective  adds,  which  are  of  course  decomposed,  and  give  products 
containing  their  principles  or  portions  of  them,  combined  m  new  modes 
or  in  new  proportions. 

(c.)  The  sulphates  are  eomsnonly  reduced  to  sulphurets  without 
any  remarkable  phenomenon,  the  transfer  of  oxygen  taking  place 
quietly. 

(d.)  The  nitrates  and  the  chlorates  act  with  much  energy j  frequent- 
ly inflaming  the  metals,  especially  if  finely  pulverized,  and  introduced 
into  the  salts  when  hot ;  with  the  chlorates,  many  of  the  metals  deto- 
nate simply  by  percussion. 


*  Henry ;  id  such  cases  perhaps  it  is  rather  the  sulphur  of  the  gas  that  unites  with 
the  metal.  t  And  probably  bromates. 
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Vni.  Alloys. 

1.  Most  of  the  meials  unite  with  each  other  and  form  a  doss  of 
bodies  called  alloys. — ^They  furnish  some  of  the  most  useful  mate- 
rials for  the  wants  of  mankind.  Thus,  brass  is  a  compound  of  zinc 
and  copper — ^bell  metal,  of  copper  and  tin — ^pewter,  of  tin  and  leady 
sometimes  with  the  addition  of  copper  and  bismuth  or  zinc. 

(a.)  The  alloys  are  generally  formed  by  fusion^  but  mercury  dis^ 
solves  many  of  the  metals  by  contact  merely;  especially  if  aided  by 
rubbing  in  a  mortar. 

(b.)  The  compounds  of  mercury  with  the  other  metals  are  called 
amalgams.* — ^Thus  the  amalgam  of  zinc  and  mercury  is  used  for  elec- 
trical machines. 

properties  of  alloys. 

1.  Physical. 

(a.)  The  specific  gravity  of  the  compounds  of  the  metals  is  abnost 
never  the  mean  of  the  two — usually  it  is  greater,  but  sometimes  less. 

(6.)  Sometimes  the  compound  is  heavier  than  the  heaviest  of  the 
ingredients. — ^An  amalgam  of  silver  sinks  in  mercury. 

(c.)  Sometimes  the  sp.  gr.  is  diminished — 116  parts  of  tin  and 
104  of  lead  should  give  a  compound  of  sp.  gr.  9.321,  but  the  real 
sp.  gr.  of  the  alloy  is  only  8.817.f 

The  sp.  gr.  of  tin  is  7.363,  that  of  brass  8.006,  but  that  of  a  com- 
pound of  2  parts  of  brass  and  1  of  tin  is  8.916,  while  the  proporuon 
of  the  whole  composition,  since  in  it  there  are  three  metals  united, 
should  have  been  7.793. 

{d,)  Soldering  is  founded  on  the  mutual  attraction  of  meials ; 
for  gold,  the  solder  is  a  mixture  of  gold  and  silver — ^for  copper, 
brass]; — for  brass,  the  same  composition,  with  a  greater  proporticxi  of 
aunc — f(»r  lead  or  tin,  a  mixture  of  both  or  pewter. 

(e,)  The  cohesion  of  the  alloy  is  also  generally  greater  than  in 
the  proportion  of  that  of  the  ingredienis — 12  of  lead  and  1  of  zinc 
are  twice  as  coherent  as  the  zmc.^ 

J/.)  When  metcdsj  whose  specific  gravity  is  widely  different^  are 
ted  together^  especially  if  their  c^linity  is  vjeak^  they  wHl  not  al-* 
ways  unite  equally. — ^Mr.  Hatchett  found  that  when  a  bar  composed 
of  copper  and  other  metals  and  gold  was  cast  vertically,  there  was 
more  gold  at  the  bottom  than  at  the  top. 

(jg.)  Some  metals  appear  to  have  little  or  no  affinity  for  other 
metals^  as  iron  and  lead,  or  iron  and  mercury,  and  yet  iron  and  mer* 
cury  can  be  united  by  circuitous  processes. 


*  From  afia  and  yo^tn*.  \  Thorn.  Firtt  Prin.  1, 89. 

.  t  Black,  11, 416.  §  Vid  Hatchett,  in  Nich.  J«ur. 


128  ALLOYS. 

(A.)  Alloys  retain  the  metallic  properties. — ^They  are  opake,  have 
the  metallic  lustre,  and  are  good  conductors  of  electricity  and  of 
heat. 

(».)  Still  their  properties  are  often  different  from  those  of  the  par^ 
ent  substances. — Ductility  and  malleability  are  generally  impaired ; 
half  a  grain  of  lead  destroyed  the  tenacity  of  an  ounce  of  gold,  and  an 
alloy  of  platinum,  copper  and  zinc,  although  very  ductile  and  mallea- 
ble, became  brittle  by  the  addition  of  half  a  grain  of  iron  to  4  oz.  of 
the  alloy,*  and  gold  becomes  brittle  by  being  kept  in  the  vicinity  of 
melted  lead,  probably  absorbing  some  of  its  vapor. 

(y.)  Alloys  of  brittle  metals  are  always  brittle^  and  a  brittle  metal^ 
especially  tfin  excess^  generally  imparts  brittleness  to  a  ductile  metal^ 
and  two  ductile  metals  sometimes  become  brittle  by  uniting. 

(k.)  The  hardness  is  altered  and  sometimes  increased^  as  is  seen 
in  the  gold  and  silver  coin  which  is  hardened  by  copper,  and  in  type 
metal,  which  is  hardened  by  antimony. 

A  little  sold  renders  iron,  (it  is  said,)  harder  than  steel. 

(/.)  Color  is  changed. — A  little  palladium  debases  the  color  of 
gold,  and  arsenic  generally  renders  the  metals  white  with  which  it 
combines.     In  color,  brass  is  not  like  either  zinc  or  copper. 

(m.)  TTie  fusibility  is  altered. — Platinum,  infusible  in  (tie  best  wind 
furnaces,  is  easily  melted  by  the  addition  of  arsenic. 

(n.)  The  volatility  is  also  increased. — A  little  gold  sometimes  dis- 
db  over  during  the  heating  of  the  amalgam  of  that  metal. 

2.  Chemical  properties. 

(a.)  In  general^  metals^  in  conseauence  of  being  aUoyedj  are  more 
prone  to  unite  vnth  oxygen  ;  partly  from  a  diminution  oi  cohesion,  and 
partly  from  a  galvanic  effect.  Alloys  of  metals  are  always  more  easily 
oxidized,  and  have  a  stronger  taste  than  either  of  the  metals  separate- 
ly.  It  is  said  that  an  amalgam  of  tin  inflames  at  the  moment  when  the 
metals  unite,  and  that  amalgams  of  gold  and  silver  are  oxidized  by  agi- 
tation witb  the  air.  Mr.  Faraday  observed  that  an  alloy  of  steel  with  ^ir 
of  platinum,  dissolved  widi  effervescence  in  dilute  sulphuric  acid  so 
weak,  that  it  hardly  acted  on  common  steel.  He  supposed  the  steel 
to  be  rendered  positive  by  the  presence  of  the  platinum.  If  gold  is 
alloyed  with  a  small  proportion  of  silver,  the  latter  is  rendered  inso- 
luble in  nitric  acid,  but  by  carrying  the  proportion  of  silver  to  one 
fourth  of  the  whole,  it  is  dissolved,  as  in  the  process  of  quartation. 

Gilding,  silvering,  tinning,  and  soldering,  depend  on  mutual  affini- 
ties between  the  metals. 

(i.)  Metals  probably  combine  in  definite  proportions. — ^The  con- 
trary appears  at  first  view  to  be  the  fact,  for  it  would  seem  that  gold 


*  Eng.  Journal  of  Science,  III,  119. 
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and  quicksilver,  and  gold  and  copper,  unite  in  every  proportion.  But 
Vfs  are  acquainted  with  several  cases  where  the  camfination  of  metals 
is  in  definite  proportions^  and  therefore  we  may  presume  that  metal- 
lic combinations  are  generally  of  this  character.  The  arbor  Diana 
and  the  native  amalgam  of  mercury  and  silver*  are  in  definite  pro- 
portions, and  potassium  gives  two  such  crystallized  compounds,  the  one 
of  which  contams  twice  as  much  potassium  as  the  other.  The  fluid 
amalgams  of  silver  contain  a  solid  amalgam,  floating  in  the  fluid,  and 
this  is  probably  the  definite  compound ;  it  can  be  strained  out  through 
leather. 

Vni.  Metals  simple  substances. 

As,  during  the  oxidation  of  metals,  their  weight  is  increased,  by 
that  of  the  oxygen  added ;  as  the  latter  can,  in  every  case,  be  disen- 
gaged again,  either  by  heat  alone,  or  by  the  aid  of  charcoal  or  hy- 
drogen, when  the  gas  or  vapor  produced  is  found  to  be  precisely 
equal  in  weight  to  the  combustible,  and  the  additional  weight  acquired 
by  the  metal  during  its  oxidation ;  and,  as  the  metal,  by  reduction,  is 
recovered  in  its  brigmal  condition  without  loss,  it  is  rendered  in  the 
highest  degree  probable^  although,  like  other  negative  facts,  it  can 
never  be  demonstrated,  that  the  metals  are  simple  substances. 

It  has  been  more  than  once  mentioned,  that  the  obj&^  of  alchemy 
was  to  form  the  precious  metals  ;  an  attempt  which  of  course  proceed- 
ed upon  the  premmption  that  they  are  compound.  This  presump- 
tion, so  far  from  involving  any  absurdity,  is  even  countenaneed  by  the 
high  equivalent  numbers  of  many  of  die  metals,  and  of  the  noble 
metals  in  particidar.  Still,  chemistry  affords  at  present,  no  ground 
for  believing  that  the  metals  are  compound ;  should  they,  in  the  pro- 
gress of  discovery,  prove  to  be  so,  it  would  produce  great  changes 
in  the  foundations  oi  the  science,  and  perhaps  also  in  the  superstruc-^ 
ture. 

NATURAL  HISTORY  OF  THE  METALS. 

This  is  the  province  of  mineralogy  and  geology,  and  will  be  men- 
tioned, on  the  present  occasion,  no  farther  than  to  state  the  chemical 
condition  of  the  ores.  Metals  are  found  either  in  the  metallic  state 
or  combined  widi  some  foreign  substance,  which  is  called  a  mineral- 
izer.  The  principal  mineralizers  are  oxygen,  combustibles  and  acids ; 
among  these,  oxygen  is  the  most  important ;  among  combustibles, 
sulphur  is  the  chiei ;  and  arsenic,  from  the  peculiar  effects  which  it 
produces,  may  be  regarded  as  a  distinct  mineralizer. 

The  metals,  in  their  natural  state,  are  called  ores,  and  they  may 
all  be  included  under  the  following  descriptions. 


*  Mercury  64,  silver  86— Klaproth ;  nearly  in  the  proportloa  of  200, 1  equivalent 
of  mercury,  to  110, 1  equivalent  of  silver. 

Vol.  II.  n 
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t.  Native  metals  and  alloys. 

2.  Oxides. 

3.  Sulphurets,  carburets,  phospburets,  be. 

4.  Salts.* 

METALS. 

1.  Remaeks. 

(a.)  It  bas  been  already  observed,  that  the  doss  of  meials  has  been 
tery  mudi  increased  by  the  researches  of  modem  chemistry^  and  that 
the  ancients  distinctly  knew  only  seven^  namely,  gold^  sUver,  copper, 
mercury y  iron,  tin  and  lead;  besides  perhaps  a  lew  of  the  ores  and 
combinations  of  some  of  the  other  metals. 

{bA  Excluding  the  bases  of  the  fixed  alkalies  and  earths^  wUch 
have  oeen  already  described  or  mentioned,  the  number  of  remaining 
metals  is  twenty  eight;  nearly  the  whole  of  which  are  well  distin- 
guished from  all  other  bodies.  Most  of  those  of  modem  discovery 
have  been,  as  yet,  applied  to  little  use ;  but,  potassium  and  sodium  have 
rendered  signal  service  to  scientific  chemistry ;  and  chromium  has 
«ven  splendid  and  enduring  colors  to  the  arts ;  nor  can  we  say,  that 
wose  metals  which  now  appear  of  little  importance,  may  not  hereaf- 
ter prove  highly  useful.  The  new  metals,  including  those  of  the  fixed 
alkalies  and  earths,  have  greatly  enlarged  our  knowledge ;  and  the 
whole  elementary  constitution  of  matter  has  thus  attained  the  most  unex- 
pected simplicity ;  for,  metals  and  the  other  combustibles  and  the  agents 
that  bum  them,  now  include  the  whole  of  the  ponderable  elements. 

3.  Classifications  of  the  metals,  according  to  their  proper- 
ties, are  frec|uently  given  by  authors;  they  are  not  without  utditVf  ss 
means  of  aiding  the  memory  in  recollecting  some  prominent  iacts, 
such  as  their  relation  to  oxygen  and  (what  depends  on  this)  their  pow- 
er of  decomposing  water. 

Thenard,  for  instance,  on  tliis  principle,  divides  the  metals  into  six 
sections  ;  but  divisions  so  numerous  are  troublesome  to  remember, 
and  are  not  well  appreciated  by  the  learner..  I  prefer  therefore,  with 
Dr.  Henry,  the  older  and  simpler  division,  founded  also  upon  the 
same  basis.   The  metals  may  all  be  comprehended  in  two  classes. 

I.  Those  whose  oxides  are  not  reducible  by  heat  alone,  but  require 
the  aid  of  a  combustible  body. 

n.  TTiose  whose  oxides  are  reducible  by  heat  alone. — More  than 
three  fourths  of  all  the  metals  are  included  withm  the  first  class,  and, 
as  already  stated,  only  nine  in  the  latter ;  namely,  quicksilver,  silver, 
nickel,  |old,  platinum,  and  its  four  attendant  metals,  palladium,  rho- 
dium, indium  and  osmium. 


"  A  dttoouree  on  mines  and  mining,  which  was  appended  to  my  editions  of  Henry's 
Chemistry,  was  revised  for  the  present  work,  but,  for  want  of  room,  will  probably 
be  excluded  from  the  appendix. 
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By  adopting  this  arraDgement,  we  shall  pass,  by  a  gradual  transi- 
tioD,  from  those  metals  which  are  in  general,  less  known,  less  import** 
ant  and  less  interesting,  lo  those  whose  character  is  opposite  in  tbese 
particulars. . 

We  again  present  a  catalogue  of  the  metals,  founded,  as  regards 
its  order,  upon  this  view ;  including  the  metals  of  the  fixed  alkalies 
and  earths  with  the  rest,  and  all  of  them  in  the  order  in  which  they 
have  been  or  will  be  described. 

1.  Potassium,  see  Vol.  I,  p.  243. 


2.  Sodium, 

3.  Lithium, 

4.  Calcium, 

5.  Barium, 

6.  Strontium, 

7.  Magnesium, 

8.  Aluminium, 

9.  Glucinium, 

10.  Zirconium, 

11.  Yttrium, 

12.  Thorium, 

13.  Cerium. 

14.  Columhium. 

15.  Molybdenum. 

16.  Chromium. 

17.  Titanium. 

18.  Tellurium. 

19.  Uranium. 

20.  Tungsten. 


253. 

258. 
264. 
268. 
271. 
274. 
293. 
299. 
297. 
301. 
301. 


21.  Manganese. 

22.  Arsenic. 

23.  Cobalt. 

24.  Antimony. 

25.  Zinc. 
Cadmium. 
Bismuth. 
Tin. 
Lead. 
Iron. 
Copper. 
Nickel. 
Mercury. 
Silver. 
Gold. 

Platinum.  ' 
Palladium. 
Rhodium. 
Iridium. 
Osmium. 


26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 


Remark. — ^U  being  yet  doubtful  whether  the  base  of  silica  is  a 
metal,  it  is  omitted  in  this  catalogue,  and  retamed  among  the  com- 
bustibles. 

Although  the  first  twelve  of  the  metals  have  been  abeady  describecl 
or  mentioned  under  the  alkalies  and  earths ;  some  additional  facts  wilt 
be  inserted  here,  under  their  proper  heads. 

We  shall  then  proceed  to  a  consideration  of  each  of  the  remaining 
twen^  eight  metals,  and  of  their  relation  to  the  other  bodies  and  to 
each  other,  pursuing,  generally,  the  order  in  which  the  simple  bodies 
have  been  considered ;  with  perhaps  occasional  variations. 

In  connexion  with  each  head,  we  may  briefly  mention  the  ores^ 
and  the  extraction  and  uses  of  the  metals. 

1.  Potassium. 

AddUianaifacU  rupeeting  the  pnparaium  of  thii  meiai. — rThe 
processes  of  Professor  JBrunner,  and  oi  M.  Wohler,  of  Berim,  were 
mentioned  Vol.  I,  p.  246.  The  following  more  particular  statement 
is  abstracted  or  copied  firom  the  lldi  edition  of  Dr.  Henry's  Chem-» 
istry, 


132 


POTASSIUM. 


(fl.)  Process  of  Prof.  Brunner. — ^The  spheroidal  iron  bottle  is 
connected  with  the  receiver  by  a  gun-barrel,  bent  into  this  form.(P) 
After  the  retort  is  charged,  it  is  placed  in  the  furnace,  so  that  the 
longer  leg  of  the  gun-barrel  may  pass  out  at  the  bottom,  or  in  front, 
in  a  direction  nearly  perpendicular,  the  bent  part  itself,  wound  round 
with  iron  wire,  remaining  in  the  furnace.  The  receiver  is  a  cylin- 
drical copper  vessel,  with  an  orifice  at  top  for  the  gun-barrel,  and 
one  at  the  side  for  the  escape  of  the  gases.  In  decomposing  the 
potassa,  charcoal  is  a  powerful  auxiliary  to  the  iron.  The  retort  be- 
mg  previously  cleaned,  dried  and  heated,  was  charged  with  4  oz.  of 
solid  caustic  potassa,  mixed  in  small  pieces,  with  6  oz.  of  broken  iron 
turnings,  and  1  oz.  of  charcoal  powder.  The  fire  was  gradually 
raised,  and  in  half  an  hour,  the  green  vapors  of  potassium  appear- 
ed b  a  glass  tube  attached  to  the  end  of  the  gun-barrel,  and  the  re- 
ceiver was  now  applied,  so  that  the  end  of  the  gun-barrel  dipped  in- 
to naphtha.  A  great  quantity  of  gas  was  evolved,  which  fi-equently 
flashed  spontaneously,  with  a  violet  flame,*  and  white  fumes ;  in  25 
mbutes  from  the  application  of  the  receiver,  the  gas  diminished,  and 
soon  ceased ;  150f  grains  of  potassium  were  the  result. 

2.  Process  of  M.  Wohkr. 
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"  The  furnace.  No.  1,  is  about  four  feet  high,  and  nearly  two  feet 
square.  The  bars  of  the  grate  stand  a  little  above  the  level  of  the 
floor,  and  rest  upon  a  bearer,  by  the  removal  of  which  they  may  be 
made  to  fall  down  together,  and  thus  the  fire  may  be  removed  at  any 


*  Id  the  proceas  of  Gay-Lusnc  and  Th^nard,  by  the  guD  barrel*  I  have  often  wit- 
nened  this  splendid  combustion,  which  ia  one  of  the  most  beautiful  that  chemistrY 
aflbrds. 

t  I  have  BometimeB  obtained  that  quantity,  by  the  gun  barrel,  from  2  or  3  oz.  of 
caustic  potash. 
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required  moment.  The  draught  of  air  is  from  a  room  below.  About 
the  middle  of  the  front  of  the  furnace  at  d  is  a  square  hole,  capable 
of  containing  two  bricks,  and  within  the  body  of  the  furnace,  a  little 
below  the  above  mentioned  opening,  are  two  bars  of  iron,  placed 
horizontally,  and  dividing  the  space  within  the  furnace  equally. 
Two  other  bars  cross  these,  and  are  tied  to  them  Ky  iron  wire,  in 
such  a  manner  as  to  make  a  firmer  seat  for  the  retort  than  by  a  single 
brick  as  shown  in  the  cut.  The  retort  is  an  iron  bottle  of  the  kind 
used  for  containing  quicksilver.  A  square  piece  of  stone  is  hollowed 
to  receive  the  tube  (a  piece  of  gun  barrel,  about  a  foot 
long,)  screwed  into  the  retort ;  and  a  brick  is  placed 
over  the  stone,  so  as  to  fill  up  the  square  opening 
mentioned  above.  The  whole  is  then  covered  with 
luting,  and  the  iron  bottle,  with  its  contents,  is  placed 
in  the  furnace,  as  represented  in  the  figure,  in  which 
a  is  the  grate ;  b,  the  flue ;  dj  the  square  opening  through  which  the 
apparatus  is  introduced,  and  which  is  afterwards  closed  and  luted 
over ;  c,  the  opening  for  introducing  fuel ;  but,  in  the  instance  wit- 
nessed by  Dr.  Fleming,  the  fuel  (wood  charcoal)  was  supplied  more 
conveniently  through  a  hole  at  the  top,  which  had  a  lid  furnished  with 
hmges.  The  charcoal  fire  was  at  least  four  inches  above  the  top  of 
the  retort,  and  the  body  of  fire  perhaps  eight  inches  below  it. 

"The  receiver  (figs.  2  and  3)  is  the  invention  of  M.  Berzelius.  It 
is  a  foot  high,  6  inches  long,  aoout  4  inches  wide,  and  is  best  when 
made  of  strong  sheet  copper.  It  is  composed  of  two  pieces ;  No.  2 
is  of  such  a  size  as  to  pass  into  No.  3  with  some  degree  of  friction. . 
It  may  be  either  right  angled  or  elliptical.  The  part  No.  2  is  divided 
into  two  equal  parts  by  a  diaphragm  a  a,  pierced  by  a  small  hole  &, 
on  the  same  line  with  the  tubulures  c  and  e;  and  on  one  of  its  larger 
faces  is  a  thu*d  tubulure/,  by  which  the  gases  are  allowed  to  escape. 
If  the  receiver  be  oval,  the  diaphragm  may  be  placed  in  its  greater 
diameter.  Naphtha  is  put  into  the  receiver.  No.  3,  till  about  half 
fill],  and  the  receiver  is  then  placed  in  a  wooden  trough  containing 
ice  water,  kept  cold  by  fresh  additions  of  ice.  Lastly,  the  tubulure 
e  is  adapted  to  the  end  of  the  gun  barrel,  and  the  joint  made  tight  by 
a  little  lute,  if  necessary.  The  gas  generated  in  the  retort  enters 
the  receiver  by  the  tubulure  c,  and,  as  it  is  obliged  to  pass  by  the 
very  small  aperture  at  b,  it  deposits  the  greater  part  of  its  potassium 
before  it  passes  out  by  the  tube/.  It  also  deposits  a  certain  portion 
on  the  other  side  of  the  diaphragm ;  and,  finally,  to  collect  the  last 
portion  which  it  may  contain,  a  large  glass  tube  is  connected  with  the 
aperture  at  f,  and  its  extremity  generally  is  plunged  into  naphtha. 
The  gas  frequendy  takes  fire,  and  must  be  extinguished,  as  well  as 
the  naphtha,  if  the  flame  should  extend  to  it. 
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"  The  operation  is  known  to  be  going  on  weD  by  the  regularity  of 
the  current  of  gas  flowing  through  the  tube/,  the  cessation  of  which 
indicates  an  obstruction  of  the  gun  barrel  by  a  black  substance  accu-> 
mulating  in  it,  probably  a  compound  of  potassium,  carbon  and  potassa. 
The  tubulure  c  is  then  to  be  opened,  it  bemg  generally  closed  by  a 
cork ;  and  hr  passing  a  ramrod,  flattened  at  one  end,  through  the 
apertures  c,  o  and  e,  the  tube  is  to  be  well  cleared  out.  This,  though 
quite  necessary,  must,  yet  be  done  carefully ;  for  a  sudden  rush  of 
gas  through  the  openings  e,/  might  cause  serious  accidents.  M« 
Gmelin  places  the  diaphragm  of  his  receiver  m  the  directioo  of  its 
length,  and  is  thus  enabled  to  introduce  the  blade  of  a  sword,  by 
which  he  can  clear  the  tube  better  than  with  a  rod. 

"  The  tube  may  easily  be  cleared  two  or  three  times,  but  at  length 
it  becomes  so  clogged  up,  that  the  process  must  be  suspended,  by 
first  withdrawbg  the  bars  of  the  grate,  and  letting  the  fuel  fall.  Re- 
move the  retort,  unscrew  the  tube,  fill  it  with  naphtha,  and  detach 
the  substance  which  it  contains ;  reunite  it,  replace  the  retort  in  the 
fire,  and  proceed  to  distil  the  remainder  of  its  contents.  In  this  way 
the  operation  may  be  repeated  three  or  four  times,  and,  using  fipora 
4  to  6  pounds  of  crude  tartar,  about  an  ounce  of  potassium  will  be 
obtamed  each  time.  By  distilling  the  black  matter  detached  from 
the  iron  tube,  the  half  of  its  weight  of  potassium  may  be  obtained. 

^^  The  potassium,  prepared  with  charcoal,  always  contains  carbo- 
naceous matter,  and  requires  to  be  purified  by  distilling  it  in  divided 
E onions  firom  a  glass  retort,  heated  to  redness  m  a  sand  bath,  the  neck 
eing  very  much  mclined,  and  plunged  into  a  vessel  full  of  naphtha.'' 

2.  Sodium. 

M.  Serullas*  gives  the  following  points  of  discrimination  between 
potassium  and  sodium.  Potassium^  placed  on  a  mercurial  bathf  is 
at  first  stilly  but  a  motion j  soon  commencing ^  rapidly  increases,  owing 
to  the  absorption  of  atmospheric  moistiu'e  and  the  consequent  evolu- 
tion of  hydrogen  by  its  decomposition.  In  dry  air,  contained  in  a 
receiver,  these  motions  do  not  happen. 

Sodium,  as  first  observed  by  Gay-Lussac  and  Thenard,  combines 
mth  mercury  with  heat,  light,  and  even  eocplosion.  Sodium  wastes 
away  in  water  without  combustion,f  while  potassium  produces  vivid 
light,  and  even  bcandescence ;  but  when  sodium  is  thrown  upon  a 
moderately  strong  solution  of  gum  arabic,  being  detained,  by  the 
viscous  nature  of  the  fluid,  the  heat  accumulates  and  combustion  en- 
sues, with  a  yellow  instead  of  a  violet  flame,  and  the  pieces  run  over 

•  Phil.  Mag.  Vol.  VI,  p.  149. 

t  This  it  true  only  of  cold  water;  it  adntillates,  and  even  burns  vtFidly  on  Int 
•rater,  as  I  have  often  observed,  agreeably  to  Sir  H..  Davy's  original  observations. 
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the  surface  of  the  tiquid  in  the  maimer  of  potassium.  If  a  piece  of 
sodium  be  fixed  upon  a  piece  of  wood  and  moistened  with  a  drop  or 
two  of  water,  it  mflames  and  flies  immediately. 

7.  Magnesium. 

Id  addition  to  the  slight  notice  of  this  metal  in  Vol.  I,  p.  274, 1 
have  now  to  add  that  it  has  been  distinctly  obtained  by  M.  Bussy.* 

The  decomposition  of  the  chloride  of  magnesia  was  effected  by 
potassium,  heated  with  it  to  redness  in  a  porcelain  tube.  The  mag- 
nesinm,  separated  by  washing,  had  the  appearance  of  small  brown 
scales,  which,  pressed  by  a  pestle  in  an.  agate  mortar,  left  a  metallic 
trace,  in  color  like  lead.  Magnesium  is  soluble  m  potassa  and  in  mu- 
riatic acid,  but  not  in  diluted  nitric  acid.  At  a  high  temperature  it 
bums,  although  with  difficulty,  and  produces  magnesia. 

9.  Glucinium. 

This  metal  has  been  distinctly  obtained  by  M.  Wohler.  The  glu- 
cifM  employed  had  been  dissolved  in  carbonate  of  ammonia ;  it  toas 
then  inttnuUdy  mixed  vnth  charcoal  and  heated  to  redness  in  a  cur- 
rent of  dry  cMorine  gas;  the  restdting  chloride  tDos  procured  by  sub- 
Itmo^ton,  in  the  state  of  shining  colorless  needles,  and  also  in  a  fused 
mass ;  it  is  very  deliquescent,  and  dissolves  in  water  with  the  disen- 
gagement of  violent  heat. 

Glucinium  was  obtained  from  the  chloride  by  puitiw  it  into  a  pla- 
tinum crucible  vnth  flattened  pieces  of  potassium  ;  the  crucible  was 
effectually  coveredy  and  heated  with  a  spirit  lamp  ;  the  reduction 
takes  place  instantaneously,  and  vnth  so  great  an  evolution  of  heat 
that  the  crucible  becomes  white-hot;  the  crucible  when  cold  was 
opened,  and  inverted  in  a  vessel  of  water ;  the  fused  mass  of  chlo- 
ride of  potassium  and  glucinium  dissolved  with  a  slight  evolution  of 
sulphuretted  hydrogen,  and  the  glucinium  separated  in  the  state  of  a 
gray-black  powder,  which  was  washed  on  a  filter  and  dried ;  this 
substance  has  perfectly  the  appearance  of  a  very  finely  precipitated 
and  dried  metal;  by  burnishing  it  acquires  a  dark  metallic  lustre. 
As  it  does  not  agglutinate  at  the  violent  heat  at  which  it  is  reduced, 
it  would  seem  to  be  very  difficult  of  fusion  ;  at  conmion  temperatures 
it  oxidized  neither  m  air  nor  water,  not  even  when  the  water  is  boil- 
ing- 

Whenheated  on  platinum  foU,  it  inflames  vnth  great  splendor ,  and 
becomes  colorless  giucina  ;  but  to  produce  this  effect,  it  must  be  heat- 
ed to  redness  :  in  oxygen  gas,  it  bums  with  extraordinary  splendor, 

*  Phil.  Mag.  Vol.  V,  p.  234,  quoting  Hensman's  Repertoire  de  Chimie,  for  Oc- 
tober, 1828. 


136  YTTRIUM,  THORIUM  AND  CERIUM. 

and  yet  the  resulting  glucina  shews  no  trace  of  fusion :  if  it  ii>  mix- 
ed with  hydrate  of  glucina,  (which  happens  when  too  much  potas- 
sium is  employed  in  the  reduction,^  a  flame  is  perceived  during  its 
combustion  in  the  oxygen  gas,  arising  from  the  hydrogen  which  is 
disengaged  during  tlie  action  of  the  glucmium  upon  the  water. 

It  readily  dissolves  in  tlie  sulphuric,  muriatic,  and  niuric  acids ; 
also  in  a  solution  of  potassa  and  yields  hydrogen.  When  heated  in 
sulphuric  acid,  sulphurous  acid  gas  is  evolved*  Unlike  aluminium,  it 
is  not  acted  upon  by  ammonia  :  when  moderately  lieated  in  chlorine^ 
it  bums  with  great  splendor^  and  sublimes  as  a  crystallized  c/do- 
ride :  when  heated  in  the  vapor  of  bromine^  it  bums  vnth  equal  fa-- 
cUityy  and  the  bromide  of  glucinium  sublimes  in  long  white  needles  : 
it  is  fusible,  very  volatile,  and  dissolves  in  water  witli  great  heat. 
Heated  in  the  vapor  of  iodine^  it  bums  in  the  same  manner ^  and 
the  iodide  obtabed  sublimes  in  white  needles ;  in  other  respects  it 
is  similar  to  the  preceding.  It  readily  forms  compounds  also  with 
sulphur,  selenium,  phosphorus,  and  arsenic. 

11.  Yttrium. 

Yttrium  was  procured  from  yttria  in  the  manner  above  described 
with  respect  to  glucinium  ;  its  texture  is  scaly ^  its  color  gray  blacky 
and  lustre  perfectly  metallic  ;  tlie  scaly  texture  distbguishes  it  from 
aluminium  and  glucinium.  Its  color  and  metallic  appearance  are  in- 
ferior to  those  of  aluminium ;  one  being  to  tlie  otlier  about  as  iron  to 
tin.  Aluminium  appears  to  be  a  ductile  metal,  and  yttrium  on  tlie 
contrary  a  brittle  one  :  the  latter  at  common  temperatures  is  not  oxi- 
dized either  in  the  air  or  in  water  ;  but  when  heated  to  redness^  it 
bums  vnth  splendor^  and  become  yttria.  In  oxygen  gas,  the  com- 
bustion is  of  the  most  brilliant  kind.  The  yttria  obtained  is  white, 
and  shows  unequivocal  marks  of  fusion.  It  dissolves  in  sulphuric 
acid,  and  less  readily  in  a  solution  of  potassa  ;  ammonia  does  not  act 
upon  it.     It  combines  with  sulphur,  selenium,  and  phosphorus. 

The  bases  of  alumina,  glucina  and  yttria  are  metals,  wliich,  at  com- 
mon temperatures,  are  not  oxidized  either  in  the  air  or  water,  but  de- 
compose water  when  acids  are  present ;  and  combine,  and  almost  al- 
ways with  extraordinary  heat,  witli  oxygen,  clilorine,  bromine,  iodine, 
sulphur,  and  selenium.* 

12.  Thorium. t    See  p.  301,  Vol.  I. 


•  Ann.  de  Chlm.  etde  Pbys.  XXXIX,  77. 

t  The  mineral  from  which  this  metal  is  obtained  is  compact  and  brittle,  semi-hard, 
has  the  vitreous  fracture  ofCadolinitc  ;  poivdcr  dark  brown ;  sp.  gr.  4.8 ;  loses  wa- 
ter under  the  blowpipe  and  becomes  yellow,  it  consists*  of  thoriiia  57.91,  lime  2.58, 
oxide  of  iron  3.40,  oxide  of  manganese  2.39,  niaguet>iu  0.36,  oxide  of  uranium  2.58,  ox- 
ide of  lead  6.80,  oxide  of  Un  0.01,  silica  18.98,  water  9.50,  poUsh  0.14,  soda  0.09, 
alimuna  0.06,  insoluble  stony  matter  1.40.— i^er;cdiiM. 
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Sec.  Xlll. — ^Cerittm. 

1 .  Discovert. — In  the  Ceriie^*  by  Hisinger  and  Berzelivs^  in 
1804. 

2.  Process, — Calcine^  pulverize  and  dissolve  cerite  in  nitro-mu-- 
riatic  acid;  filter ;  neutralize  with  pure  potassa  and  precipitate  by  tar- 
trate of  potassa,  or  by  oxalic  acid ;  this  precipitate  well  washed,  cal- 
cined and  digested  in  vinegar,  is  oxide  of  cerium.  Or,  the  nitro- 
muriatic  solution  is  evaporated  to  dryness,  the  soluble  part  redissolv- 
ed  in  water,  and  ammonia  added  in  excess ;  the  washed  precipitate 
consists  of  oxide  of  iron  and  oxide  of  cerium ;  warm  solution  of  ox- 
alic acid  forms  an  acid-oxalate  of  iron  and  an  oxalate  of  cerium ;  the 
former  being  soluble  in  water,  is  removed  by  washing,  and  the  latter 
which  is  insoluble,  is  heated  in  an  open  fire  to  decompose  the  oxalic 
acid,  and  pure  oxide  of  cerium  is  obtained. 

3.  Reduction. — ^Vauquelin  mixed  tartrate  of  cerium  with  a  veiy 
small  quantity  of  oil  and  lampblack;  he  put  it  into  a  charcoal  cruci- 
ble, bedded  this  in  sand  contained  in  another  crucible,  and  heated  it 
in  a  forge  for  1}  hour,  when  there  was  a  partial  reduction. 

4.  Properties. 

(a.)  A  metallic  globule  tvcu  obtained  hardly  as  large  as  a  pin^s 
head;  this  was  among  the  coal,  and  none  was  discovered  in  the  sand, 
although  examined  with  the  greatest  care. 

(b.)  Vauquelin,  supposing  that  the  metal  might  be  volatile,  heated 
a  sinular  mixture  with  the  addition  of  borax,  in  a  porcelam  retort 
connected  with  a  porcelain  tube ;  there  was  no  sublimate,  but  sever- 
al small  metallic  globules  remained  in  the'  retort,  above  and  below, 
but  all  did  not  amount  to  ^V  of  the  cerium  employed. 

(c.)  The  meted  was  harder^  whiter,  more  fi*agile,  and  more  scaly 
in  its  firacture  than  pure  cast  iron. 

(rf.)  J^ot  acted  on  by  any  simple  acid;  dissolved  with  extreme 
Stifficulty  in  nitro-muriatic  acid,  even  after  trituration. 

(c.)  Solution  reddishf  and  gave  unequivocal  traces  of  iron,  but 
tartrate  of  potassa  and  oxalate  of  ammonia  threw  down  a  white  pre- 
cipitate, which,  with  the  sweetish  taste  of  the  solution,  indicated 
cerium. 

(/.)  It  would  appear  probable  that  this  metal  is  fixed,  and  that 
its  0(jnde  is  volat%le.\ 

*  Combined  with  nUca  and  oxide  of  iron.  For  a  description  of  the  mineral,  see 
Murray,  2d  Ed.  Vol.  Ill,  p.  623,  and  Nich.  Dictionary,  Art.  Cerite.  Found  also  in 
the  yttro-cerite  and  in  the  allanite,  Nich.  Jour.  XII,  105. 

t  For  more  details,  see  Th6nard,  Vol.  Ill,  p.  489,  5th  Ed. 

t  Ann.  of  Philos.  Vol.  II.  In  an  experiment  made  by  Mr.  Children,  with  his 
great  galvanic  battery,  there  was  vivid  combustion  with  a  white  flame,  and  a  por- 
tion was  volatilized,  but  whether  of  the  metal  or  the  oxide  was  not  exactly  deter- 
mined. 

Vol.  n.  18 
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(y.)  Oxides. — There  are  two  oxides  of  cerium. — The  protoxide^ 
when  recently  thrown  down  by  a  fixed  alkali  from  its  solution  in 
acids,  iff  white  ;  it  becomes  yellowish  when  dried  in  the  air,  and  %xihen 
calcined^  of  a  brick  red^  in  consequence  of  absorbing  oxygen ;  ihU  is 
the  peroxide  ;  it  is  soluble  in  several  of  the  acids.  The  white  oocide 
is  insoluble  in  water  ;  becomes  red  by  the  blowpipe,  and  with  a  large 
proporti<xi  of  borax  fuses  into  a  globule,  at  first  blood  red,  then  yel- 
lowish green,  and  lastly  colorless,  unless  the  proportion  of  oxide  is 
laree  when  it  is  opake  and  pearly. 

(A.)  E<iUiyAL£NT  NUMBEB. — So  little  is  known  of  this  metal,  that 
it  is  possible  its  equivalent  may  not  have  been  exacdy  ascertained ; 
it  is  supposed  that  the  oxygen  in  the  protoxide  is  to  that  in  the  per- 
oxide as  2  to  3,  and  if  cerium  be  represented  by  46,  the  number  of 
the  protoxide  will  be  54,  and  that  dTthe  deutoxide  62.* 

(>.)  The  alkalies  have  no  action  upon  cerium  even  by  fusion  ;  po- 
t&ssa,  in  this  way,  reduces  the  red  oxide  to  the  white  ;  ammonia  ren- 
ders the  oxide  yellowish  without  dissolving  it ;  carbonated  alkalies, 
1>odi  in  the  humid  and  dry  way,  dissolve  a  little  and  form  triple 
salts. 

\j.)  Sulphuric  acid  easily  dissolves  the  white  oxidcy  especially  in 
the  state  if  carbonate  ;  the  solution  is  sweedsh  and  not  acid;  it  is 
colorless  or  slightly  reddish,  and  by  evaporation,  gives  white  crystals ; 
ihe  add  diluted  with  from  4  to  7  parts  of  water,  with  heat,  dissolves 
the  red  oxide ;  the  solution  is  of  an  orange  color,  and,  by  evapora- 
tion, yields  smaH  prismadc  crystals  of  the  same  hue  ;  they  are  soluble 
in  water  with  excess  of  acid ;  taste  a  mixed  one,  bodi  acid  and  sweet. 
The  crystals,  by  rensoludon  in  water,  are  partly  decomposed  ;  a  sub- 
^uifhdte  is  precipitated,  and  a  super-  or  bi-sulphate  remains  in  solu- 
tion ;  obtained  in  small  prisms  by  evaporation. 

(k.)  ^litric  add  easdy  dissolves  the  white  oxide — solution  sweet 
wim  a  degree  of  sharpness ;  does  not  crystallize,  or  only  with  diffi- 
culty ;  decomposed  by  heat  and  leaves  a  brick  colored  oxide. 

In  the  cold,  the  red  oxide  is  acted  on  feebly  by  the  same  acid^  but 
is  dissolved  with  the  aid  of  heat ;  soludon  yellowish  gre^.;  with  an 
excess  of  acid,  white  crystals  are  formed ;  taste,  at  first  pungent,  then 
.sweet ;  decomposed  by  heat ;  the  neutral  solution  becomes  (mly  thick 
by  evaporation — alcohol  dissolves  this  matter,  fonsBing  a  red  colored 
solution. 

(Z.)  Muriatic  add  dissolves  the  red  oxide — slowly  in  the  cold,  more 
rcmidly  unth  heat ;  chlorine  is  disengaged  with  effervescence ;  the 
cdor  of  the  solution  is  a  faint  greenish  yellow ;  evaporated  to  a  mel- 


•  Henry,  11th  Ed.  Vol.  II,  p.  «8,  and  Thorn.  Firat  Prin.  Vol.  I,  p.  879.    The 
eqoivalent  of  cerium  has  been  stated  at  W.^BUingtr.    Ann.  of  Phil.  Vol.  IV. 
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Utic  consistence,  it  crystallizes  confusedly,  in  a  deliquescent  mass ; 
soluble  in  1  part  of  cold  water,  and  in  3  or  4  of  alcohol ;  the 
concentrated  alcoholic  solution  bums  yellow  and  sparkling ;  if  not 
concentrated,  it  bums  without  any  peculiar  color,  but  on  agitatioDi 
emits  white,  red  and  purple  sparks.  Heat  expels  chlorine  gas,  and 
iron,  if  present,  is  sublimed  as  a  muriate.  Infu^on  of  galls  gives 
bom.  the  muriate  a  sparing  yellowish  preci[Ntate ;  ammonia,  a  volu- 
minous one  becoming  black  and  brilliant  by  desiccation,  and  by  heat 
it  becomes  of  a  brick  red. 

(fli.)  Chlorine  does  not  disMolve  the  red  ocdde^  but  dissolvet  the 
wAt^e,  which  does  not  part  with  its  oxygen. 

(n.)  Carbonated  aOcalies  throw  down  carbonate  of  cerium  from  it$ 
add  Molutioni;  it  is  a  white  light  precipitate,  which  by  drying,  be- 
comes of  a  shining  and  silvery  appearance.  Liquid  carbonic  acid 
combines  with  cerium,  and  if  humid  it  attracts  carbonic  acid  from 
the  air ;  the  compound  is  insoluble. 

(o.)  Phoephoric  acid  digested  on  it,  fomu  an  insoluble  compound^ 
and  it  may  be  produced  by  complex  affinity ;  e.  g.  by  phosphate  of 
soda  and  muriate  of  cerium. 

(p.)  The  white  oxide  uniies  with  tartaric  add,  but  an  excess  of 
acid  is  required  to  render  it  soluble. 

{q.)  Ceric  salts  are  decomposed  by  alkaUeSj  and  what  appears  to 
be  a  sub-salt  is  thrown  down  ;  if  an  excess  of  acid  be  present,  tri- 
ple salts  are  formed. 

(r.)  Prussiate  ofpotaua  predpiiatts  the  ceric  solutions,  white* 

(s.j  Hydro^svlphuret  of  ammonia  produces  a  brown  predpitai^^ 
but  ii  an  excess  of  the  hydro-sulphuret  be  used,  it  is  deep  green. 

{t.)  Hydro-stdphuret  of  potassa  gives  a  green  predpttate,  owing 
to  iron ;  after  subsidence,  a  fresh  portion  gives  a  white  precipitate, 
similar  to  that  by  alkalies ;  it  produces  no  eflfervescence  with  acids, 
and  therefore  does  not  appear  to  combine  with  sulphuretted  hydro^ 
gen,  nor  to  be  reduced  by  it. 

(u.)  Phosphorus  affiiras  a  white  precipitate  with  muriate  of  ceritmi. 

(v.)  Iron  and  zinc  do  not  precipitate  its  solutions. 

Sec.  XIV. — ^COLUMBIUM,   FOBMERLT  TjkMTALIUH. 

I.  HisTORT. — Discovered  by  Mr.  Hatchett  in  1801.  Found 
in  1809,  by  Dr.  Wollaston,  to  be  identical  with  tantalium.*  Ob-- 
tained  from  the  columbite,  taTitaliie,  and  yttro^arUaUte.f 


*  See  the  chemical  books  for  what  was  formerly  said  of  the  latter. 

t  See  Murray,  2d  Ed.  Vol.  III.  p.  622.~.Aikin*8  Diet  Vol.  II,  p.  401,  and  Vol.  1, 
p.  814.  The  columbite  is  said,  by  Berzelius,  to  contain  some  oiide  of  tin,  in  mix- 
ture. 
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II.  Process. 

(a.)  Either  of  these  minerals  is  fused  mih  poiassa^  or  its  carbon- 
ate, 3  or  4  parts,  and  then  digested  with  muriatic  or  nilro-muriatic 
acid,  and  so  on  alternately.^ 

(&.)  The  alkali  unites  with  the  new  metallic  oxide,  (or  acid,  as  it  is 
oftien  called,)  and  the  acid  with  the  iron,  &c. 

(c.)  The  alkaline  solution  is  super  saturated  with  an  add,  and 
lets  fall  a  white  powder,  which  is  oxide  of  columbium. 

III.  Reduction  and  Properties. 

(a.)  This  oxide^  ignited  with  charcoal,  affords  a  grayish  black 
globule,  having  a  metallic  lustre,  and  the  mineral  acids  change  it 
again  into  a  white  oxide.f 

(6.)  But  they  do  not  dissolve  the  metal,  even  if  boiled  on  it  in  any 
quantity. 

(c.)  Still,  when  fresh  precipitated,  its  hydrated  oxide  is  soluble 
in  oxalic,  tartaric,  and  citric  acids. 

(d.)  Fixed  alkalies  in  excess,  (especially  poiassa  by  fusion,)  dissolve 
the  meted  ;  carbonated  cdkalies  dissolve  the  oxide,  and  it  is  precipitated 
again  by  acids,  even  by  the  carbonic. 

(e.)  ythe  excess  of  alkali  is  merely  neutralized  by  the  add,  infu- 
sion of  galls  causes  an  orange  predpitate,  but  there  is  no  precipita- 
tion with  prussiate  of  potassa  or  its  hydro-sulphuret ;  infusion  of  galls 
poured  on  the  white  oxide  recently  prepared  and  still  moist,  likewise 
forms  the  orange  colored  compound. 

(/.)  The  oxide  of  the  metal  is  white,  and  acquires  no  color  by  ex- 
posure to  a  high  temperature  with  access  of  air.  Sp.  gr.  of  the  oxide 
after  ignition,  is  6.600.J 

*  In  his  eiamination  of  the  columbite  of  ChsAterfield,  (Mass.)  Mr.  Shepard  (Am. 
Jour.  Vol.  16,)  tried  to  effect  its  decomposition,  by  igniting  it  alone,  first  with  potassa 
and  then  with  carbonate  of  soda,  neither  of  which  succeeded  perfectly ;  he  then 
employed  a  mixture  of  five  parts  of  carbonate  of  soda,  and  two  of  calcined  borax. 
This  process  proved  nearly  effectual ;  and  in  a  succeeding  trial,  by  the  addition  of 
two  parts  of  nitrate  of  potassa  to  the  same  proportions  of  the  other  things,  the  whole 
of  the  mineral  employed  was  decomposed. 

t  Mr.  C.  U.  Shepard,  in  the  Laboratory  of  Yale  Colleice,  (Am.  Jour.  Vol.  XVI, 
p.  224,)  obtained  tKe  metal  from  the  columbite  of  Chesterfield,  (Mass.)  He  says — 

I  now  introduced  about  10  grains  of  the  columbic  acid  into  a  small  gimblet  hole, 
made  in  a  very  compact  piece  of  charcoal,  stopping  the  orifice  by  means  of  a  plug 
of  the  same  substance.  The  charcoal  was  surrounded  by  sand  in  a  covered  Wedge- 
wood  crucible,  and  subjected  to  the  heat  of  a  powerful  forge  for  one  hour.  On  the 
cooling  of  the  crucible,  the  columbic  acid  was  found  to  be  completely  reduced  into 
a  porous,  firmly  cohering,  metallic  mass,  of  an  iron  grey  color ;  and  occupying  near- 
ly the  same  bulk  as  before  its  reduction.  It  was  with  difficulty  impressible  by  the 
knife,  and  when  recently  scraped,  showed  a  feeble  metallic  lustre.  Specific  gravity 
5.571.  It  was  britUe,  and  reducible  to  powder  under  the  pestle.  A  portion  of 
the  powder  was  boiled  for  one  hour  in  nitro-muriatic  acid,  without  being  made  to 
undergo  any  change ;  but  when  fused  along  with  potassa,  it  afforded  a  solution  in 
water,  from  which  the  strong  acids  threw  down  the  previously  obtained  white  pre- 
cipitate. 

t  This  is  considerably  higher  tlian  that  of  the  metal,  but  we  have  parallel  exam- 
ples in  potassa  and  soda. 
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(^.)  Melts  wUhphosphaie  of  soda  and  with  borax,  but  without  im- 
parting to  them  any  color. 

{h.)  Oxide  of  tin  and  of  tungsten  are  equally  soluble  with  that  of 
colununum  in  fixed  alkalies  ;  but  oxide  of  tin  is  easily  reduced  and 
furnishes  a  maUeable  metal ;  oxide  of  tungsten  dissolves  in  ammonia, 
is  precipitated  and  becomes  yellow  by  acids,  and  colors  soda  and  bo- 
rax. Oxide  of  titanium  is  soluble  in  acids,  and  by  fusion  tinges  bo- 
rax and  phosphoric  salts. 

It.)  The  great  characteristics  of  columbium  appear  to  be  insolu- 
bihty  in  acids,  ready  solvbUity  in  alkalies,  and  the  peculiar  yellow 
precipitate  which  its  oxide  gives  with  infusion  ofgaUs. 

(J.)  EQUIVALENT  NUMBER. — ^Accordiug  to  the  analyses  of  Ber- 
zelius  and  Dr.  Thomson,  144  w  the  equivalent  number  of  Columbium, 
and  the  acid  or  oxide  is  composed  of  1  proportion  of  metal  144,  and 
1  of  oxygen  8 = 1 52. 

rV.  Miscellaneous. — Berzehus  has  discovered  that  metallic  colum- 
bium may  be  obtained  by  heating  in  a  tube  a  mixture  of  fluo-colum- 
bate  of  potassa  with  potassium.  The  mass  becomes  ignited,  fluate 
of  potassa  is  formed  and  columbium  is  liberated ;  water  dissolves  the 
alkaline  fluate,  and  the  metal  appears  in  the  form  of  a  heavy  black 
powder ;  when  burnished  it  resembles  iron. 

Metallic  columbium  does  not  conduct  electricity,  but  this  may  be 
owing  to  the  want  of  unity  in  its  parts.  Ignited  in  an  open  vessel,  it 
burns  with  a  feeble  flame,  and  with  nitre  it  deflagrates*  It  bums  vi- 
vidly in  chlorine  gas ;  fluoric  acid  evolves  from  it  hydrogen  gas,  and 
a  mixture  of  fluoric  and  nitric  acids  acts  on  it  with  energy.*  Refer- 
ence may  be  had  to  the  various  papers  contained  in  the  Joumals,f  for 
the  numerous  details  respecting  the  analysis  and  comparison  of  the 
columbic  and  tantalic  minerals,  as  they  are  too  extensive  for  a  concise 
elementary  work. 

Remarks. — ^Tbe  mineral  analyzed  by  Mr.  Hatchett, }  came  from 
New  London,  in  Connecticut,  from  the  seat  of  Gov.  Winthrop,  by 
whom  it  was  sent  to  Sir  Hans  Sloane,  the  founder  of  the  British 
museum.  It  is'now  found  at  Chesterfield,  Mass.  as  may  be  seen  in 
Mr.  Shepard's  notice  already  quoted,  and  also  b  Haddam,<^  Connect- 
icut. In  Sweden,  the  metal  is  called  tantalium.  It  has  been  found 
also  in  the  iron  slag  of  Konigshutte,  in  Upper  Silesia.  || 


«  Ann.  de  China,  et  de  Phys.  Vol.  XXIX,  p.  803. 

t  Ann.  de  Chiro.  Vol.  XLlII,  p.  281 ;  Thomson's  Annals,  Vol.  IV,  p.  4<nr,  and 
Vol.  VIII, p.  238;  Ann.  de  Chim.  et  de  Phys.  Vol.  Ill,  p.  140,  and  Vol.  XXIX,  p. 
303;  Phil.  Trans.  1R02  and  1809. 

t  Phil.  Trans.  1802. 

§  Sec  Dr.  Torrey's  paper  on  the  discovery  of  the  ColumbUe.  Ann.  Lye.  of  N. 
York,  Vol.  I.  II  Phil.  Mag.  Feb.  1828. 
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Sec.  XV. — Molybdenum. 

L  HisTo&T. — Formerly^  and  for  a  long  wkile  confounded  wkk 
black  lead.* 

II.  Process. — ^The  only  ores  coDtainiiig  molybdenum  are  the  bi- 
sulphuret  of  this  metal,  and  the  molybdate  of  Iea<f,f  and  the  former  is 
preferred  for  the  extraction. 

(a.)  Distil  iidphuret  of  molybdenum^X  1  part,  with  4  or  5  or 
even  6  of  diluted  nitric  add  or  nitro-muriaiic  acid  to  dryness,  or 
nearly  so ;  return  the  contents  of  the  receiver  into  the  retort,  add  a 
little  more  acid  and  distil  again  and  repeat  this  operation  3  or  4  times 
till  the  residuum  in  the  retort  is  white  as  chalk ;  wash  it  well  with 
warm  waier.^    This  is  molybdic  acid. 

(b.)  It  may  be  heated  in  a  crucible  to  expel  any  remainder  of  sul- 
phuric acid. 

1.    MOLTBDIC  ACID.]| 

lU.  Properties. — It  is  a  yellowish  white  heavy  powder, 

(a.)  Taste  add  and  metaUic — soluble  in  960  parts  of  water  at 
212P ;  sp.  gr.  3.4 ;  solution  pale  yellow ;  little  taste,  out  reddens 
litmus  ;  fused  by  heat  into  a  vitreous  crystalline  matter ;  when  volati- 
lized by  a  strong  heat  in  an  open  crucible,  the  condensed  vapor  forms 
a  scaly  yellow  powder. 

(&.)  Paper,  by  immersion  in  the  solution  of  this  add  and  drying 
in  the  Ughi,  acquires  a  rich  yeUow  color. 

(c.)  1  oz.  of  sulphuric  add,  with  heat,  dissolves  10  grains  of  the 
molybdic  add,  and  becomes  thick  and  blue. 

{d.)  Muriatic  add  dissolves  it  by  digestions-color  pale  yellowish 
green ;  saturated  with  potassa  it  becomes  blue. 

(e.)  Fused  with  borax  into  a  brownish  yellow  glass,  and  with  mi- 
crocosmic  salt  it  forms  a  glass,  varying  from  greenish  to  sky  blue,  ac- 
cording to  the  proportions. 


*  The  Greek  word  fioXv^Baivoky  was  applied  by  the  ancients  to  denote  seyeral  of 
the  oxides  of  lead — the  correspondent  Latin  word  plumbago,  Qn  French,  plom- 
bagine  ;  in  Enfrlish,  blade  lead,)  was  formerly  applied  to  all  dark  minerals,  whidi 
are  "  light,  friable,  soft,  of  a  greasy  feel,  and  which  stain  the  fingers  and  paper." 
— Thomson,  Scheele  first  distinguished  between  plumbago  and  molybdena,  the  lat- 
ter being  composed  of  sulphur,  and  a  new  metal,  appearing  on  analysis,  in  the  form 
of  a  pulverulent  acid.  In  1T82,  Uielm  obtained  a  very  small  quantity  of  the  metal, 
by  exposing  the  acid  to  a  violent  heat  mixed  into  a  paste  with  linseed  oil. 

t  See  Aikin's  Diet.  Vol.  II,  p.  106,  &c. 

t  By  some  it  is  regarded  as  a  compound  of  sulphur  and  the  oxide  of  molybdenum. 
Bucholz  states  the  composition  of  the  native  sulphuret,  as  being  1  proportion  of  metal 
48,  +  2  of  sulphur  32  =  80. 

§  Sec  Aikin,  as  above,  for  the  steps  of  a  full  analysis. 

II  For  a  table  of  thceflects  of  chemical  reagents  with  molybdic  acid,  see  Dr.  Thom- 
son's First  Prin.  Vol.  II,  p.  58. 
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{f.\  Nkrute  tflead  with  a  molybdie  aojufton,  gitfet  o  yeUow  tn- 
MobMe  nwlybdate  oflcad^ 

(jg.)  Pruuiaie  of  pataatOj  with  a  few  drops  of  any  mineral  acids, 
dirows  down  a  copious  hrovm  precipitate* 

(A.)  Muriate  of  tin  produces  a  deep  hhu  tinge. — ^Recent  man- 
ate  of  tin  with  the  molybdate  of  potassa,  forms  a  beautiful  blue 
pigment* 

The  add  sohjtkxi  beeomes  bbe  b  j  the  immersion  of  a  rod  of  tin 
or  zinc. 

(f.)  A  simiUtr  but  fainter  titge  appears  when  it  is  boiled  withfi- 


suffers  a  paitial  de€ompositK»> 
ipart  to  the  state  of  oxide. 

(k.)  ()<mMnatioinfmthihe4dkaMes4ir€ 
ike  solid  molybdie  add. 

(I.)  That  with  potassa  does  not  oystaflixe. 

fm.)  That  with  soda  ^ves  foursicted  tables.  * 

in.^  That  with  ammonia,  a  striated  yellow  mass. 

lo.)  Rich  cotored  precipitates  care  formed  hy  mixing  Hffereut  me^ 
4Mie  solutians  tsitik  alkaline  molybdates, 

(vJ\  Alkafine  carbonates  efiervesce,  if  boiled  on  molybdic  acid. 

(9.)  Solution  of  molybdic  acid  with  sulphuretted  hydrogen^  TMing 
eoriced  m  a  vial  and  Aaken,  the  yellow  coLor  becomes  blue. 

{rJ)  I>eooBqposed  by  sulphur,  .charcoal,  Sic. 

IV.  Metallic  mojlxbdwxvu. 

(a.)  The  powder  ofmol^dic  acid  kneaded  with  .oil  and  placed  in 
a  crucible  lined  toith  charcoal^  is  heated  violently. 

{6.)  Only  a  very  imperfect  reduction  is  accomplished  in  this  man- 
ner ;  the  black  mass  that  is  obtained  should  be  again  made  into  a 
paste  with  linseed  oil  and  heated  as  before ;  this  being  done  2  or  S 
tknes,  gives  a  complete  redncdon. 

(c.)  Sulphuret  of  molybdenum  is  calcined,  till  the  sulphur  is  expel- 
led, and  it  is  reduced  to  a  powder  without  fusion;  by  repeated  diges^ 
*tions  with  ammonia,  the  molybdic  acid  is  taken  up  and  then  reduced 
by  ignition  with  charcoal. 

(d,)  Bersdins  obtained  metallic  molybdenum,  bypassing  n  current 
efnydrwen  ^as  over  molybdic  acid,  i^ted  in  a  porcdain  tube. 

(e.)  I  find  that  a  globule  ofmetalltc  molybdenum  can  be  easily  ob- 
tained hf  heating  the  sulphuret  upon  charcoal,  by  the  compound 
blowpipe  ;  but  as  it  bums  away  rapidly,  it  is  somewhat  difficult  to  hit 
•the  exact  point,  so  as  to  stop  when  the  sulphur  is  expelled  or  con- 
sumed ;  nor  is  it  certain  that  none  of  it  remains  in  the  metaUic  glo- 
bule, which  is  of  grayish  bronze  coknr. 
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(/.)  TTie  mei(U  has  a  yeUowish  gray  color  tnth  metaUie  hutre — ^ac- 
cording to  Bucholz,  it  is  silvery  white, /rac^«rc  granvtar^  color  of  the 
fracture  whitish  gray,  difficult  to  break,  without  ductility  or  malleabil- 
ity J  sp.  gr.  7.,  7.4  and  even  8.6. 

{g!)  Generally  in  stnaU  brittle  grains ;  although  Bucholz  ob- 
tained it  in  pieces  of  1  or  2  drachms.* 

(A.)  Prom  the  united  action  of  heat  and  air,  a  white  oxide,  or 
rather  acid  results,  which,  by  a  high  heat,  is  volatilized  in  small  bril- 
liant needles,  like  argentine  flowers  of  antimony. 

{%.)  It  was  formerly  thought  that  there  were  four  degrees  of  oxi- 
dation ;  1st.  yellow  or  white,  forming  pure  molybdic  acid  ;  2d  green 
or  molybdenousf  acid,  obtained  by  dissolving  the  first  m  muriatic 
acid  ;  3d  blue — ^muriate  of  tin  gives  it  from  either  of  the  two  former ; 
4th  black,  firom  heating  molybdic  acid  with  charcoal,  but  not  to  com- 
plete reduction  :  now,  the  four  compounds  are  viewed  as  forming  but 
three,  two  oxides  and  one  acid ; 

1st,  the  protoxide,  composed  of  metal  1  prop.  48 -(-1  oxygen  8=56 
2d,  deutoxide— oUm,  molybdous  acid  1  "  484-2  "  16=64 
3d,  molybdic  acid  1     "     48+3       «     24=72 

The  protoxide  is  black  or  brown,  and  is  obtained  by  heatbg  to 
whiteness  in  a  crucible  with  charcoal  powder,  the  dried  compound 
of  molybdic  acid  and  ammonia. 

The  deutoxide  is  brown,  and  is  obtamed  by  triturating  2  parts  of 
molybdic  acid  in  boiling  hot  water,  with  1  of  molybdenum,  and  then 
evaporatmg  at  a  heat  not  over  120^,  till  the  mixture  becomes  blue ; 
or  by  heatbg  a  mixture  of  muriatic  and  molybdic  acids,  and  expell- 
ing the  former  by  heat,  when,  on  adding  water,  it  becomes  of  a  fine 
indigo  blue.t 

(y.)  Moii^}denum  is  one  of  the  most  infusible  metals;  the  blow- 
pipe scorifies  it  b^  the  external  flame ;  ignition  gives  it  a  brownish  yel- 
low color,  inclimng  to  violet  and  indigo ;  when  fully  oxidized,  it  be- 
comes the  molybdic  acid,  and  is  white  and  soluble  ;  it  is  formed  also 
by  deflagration  widi  nitre,  and  remains  combined  with  the  alkali  of 
the  salt. 

(A:.)  Nitric  add  opndizes  the  metal  with  effervescence,  and  converts 
it  into  blue  oxide,  and  molybdic  acid. 

(2.)  Concentrated  sulphuric  add,  dissolves  it  at  ebuOxtion,  and  be- 
comes green ;  but  this  color,  by  long  boiling,  disappears  almost  en- 
tirely : 


•  Nich.  Jour.  Vol.  IX,  p.  132. 

t  Bcrzelius  gtates  that  the  blue  molybdous  acid  of  Bucholz  "  is  a  bimolybdate  of 
the  deutoxide  of  molybdenum ;"  that  is  a  compound  of  two  proportioiis  of  molybdic 
acid,  with  the  peroxide  of  molybdenum. 

X  Thorn.  First  Prin.  Vol.  II,  p.  60. 
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(ffi.)  Chlorine^  as  proved  by  Berzeliiis,  produces  three  chlorides 
of  this  metal;  the  first  b  red  and  slightly  volatile — the  second,  black, 
very  fusible  and  volatile,  and,  both  in  the  solid  and  vaporous  form, 
resembles  iodine ;  the  third  crystallizes  in  colorless  scales. — H. 

(n.)  Muriatic  acid  has  no  action  on  the  metal ;  but  it  is  dissolved 
by  the  nitro-muriatic. 

(o.)  Its*salts  are  little  knovm. 

(p.)  The  oxides  easily  pass  to  the  acid  state,  and  the  acid  to  the 
state  of  oxide,  so  that  it  is  not  easy  to  ascertain  the  changes;  solu- 
tions of  the  salts  are  generally,  however,  of  a  blue  color,  but  can 
hardly  be  crystallized,  without  decomposition. 

(q.)  The  blue  oxide  forms  with  vfater^  a  solution  of  the  same  color  ; 
by  evaporation,  it  becomes  deep  grey,  and  when  cold,  bluish  gray ;  it 
reddens  blue  paper  more  than  molybdic  acid  ;  and  with  alkaline  car- 
bonates, produces  a  brisk  effervescence,  and  a  blue  solution. 

fr.)  By  heat,  molybdenum  100  parts,  combines  with  sulphur  67, 
ana  produces  an  artificial  bi-sulphuret,  like  the  natural,  and  molyb- 
dic acid  1  part  +3  of  sulphur,  produces  a  similar  compound.  Ber- 
zelius  has  aiscovered  another  compound,  of  sulphur  3  equivalents, 
and  molybdenum  1,  which  is  of  a  ruby  red  color,  transparent  and 
crystallized.* 

(t.)  The  svilphuret  fuses  with  caustic  fixed  alkalies  into  a  solu-^ 
ble  deliquescent  mass,  of  an  uniform  greenish  color  ;  it  exhales  an  he- 
patic odor,  and  muriatic  acid  throws  do^m  a  copious  black  precipi- 
tate, probably  hydroguretted  sulphuret. 

{t.)  ^itrCj  2  parts,  with  1  of  sulphuret  of  molybdenum,  pro- 
duces, bydetonat%onj  sulphate  and  molybdate  of  potassa. 

(tt.)  The  metal  unites  with  phosphorus. 

(v.)  For  its  alloys  with  gold,  siher,  platinum,  copper,  iron,  lead, 
tin,  zinc,  nickel,  cobalt,  manganese,  bismuth,  and  arsenic,  see  Mur- 
ray, 2d  Ed.  Vol.  in,  p.  400. 

It  is  curious  that  it  lorms  a  fusible  aUoy  with  plaUnum.  Molybdic 
acid  precipitates  nitrates  of  silver,  lead,  mercury,  and  baryta,  and 
muriates  of  lead  and  baryta. 

Remark. — ^Molybdenum,  in  small  quantities,  is  of  not  unfi-equent 
occurrence,  in  primitive  rocks,  and  eq>ecially^Hn  those  of  the  United 
States.  It  has  hitherto  been  applied  to  little  or  no  use,  but  its  pro- 
perties are  so  well  marked,  and  some  of  them  are  so  interesting,  that 
should  it  be  hereafter  found  in  abundance,  it  maj^  perhaps  be  ap- 
plied to  the  purposes  of  the  arts,  especially  for  producing  fine  colors. 


*  Ann.  de  Cbim.  et  de  Phys.  Vol.  XXXIl,  p.  893. 
Vol.  U.  19 
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Sec.  XVI.— Chromium.* 

1.  History  and  Name. — From  Xpwfi.a,  Greek,  color. 

(a.)  Found  by  Vauquelin^  (1797,)  in  chromatef  of  lead ;  and  af- 
terwards discovered  in  chromate  of  iron.  J 

(6.)  Our  first  object  is  to  obtain  chromic  acid,  from  either  of  tlicse 
minerals,  and  from  the  acid  we  can  obtain  the  metal. 

CflHOMIC    ACID,    AND    ITS    COMBINATIONS. 

1st  Process. 

(a.)  Pulverized  chromate  of  lead  1  partj  bi-carhonate  of  potassa 
3,  water  40 — ^boil  for  1  hour ;  there  Is  an  eflbrvescence  ;  the  orange 
color  of  the  chromate  of  lead  becomes  brick  red  ;  a  golden  color- 
ed solution  of  chromate  of  potassa  is  obtained,  and  a  dirty  yellow  pow- 
der remains  at  bottom,  consisting  of  chromate  of  lead,  (undecom- 
posed)  and  carbonate  of  lead. 

(i.)  Decant  and  preserve  the  solution  ;  add  dilute  nitric  acid  to 
tlie  residuum  till  effervescence  ceases ;  to  tliis  residuum  add  3  parts 
carbonate  of  potassa,  and  proceed  as  before,  till  the  chromate  of  lead 
is  all  decomposed. § 

(c.)  A  little  weak  nitric  acid  must  be  added  to  the  chromate  of 
potassa  to  decompose  any  unsaturated  carbonate  of  potassa,  viz. 
till  effervescence  ceases,  and  on  evaporation,  mixed  crystals  of  nitre 
and  chromate  of  potassa  are  obtained. 

2d  Process. 

(a.)  Digest  togetlier,  by  a  moderate  heat,  equal  weights  of  pure 
strong  muriatic  acid,  finely  powdered  chromate  of  lead,  and  distilled 
water,  with  constant  stirring. 

(6.)  Muriate  of  lead  precipitates,  and  chromic  acid  remains  in  so- 
lution ;  about  one  fourth  as  much  more  diluted  muriatic  acid  is  to 
be  added  and  digested,  till  no  more  orange  colored  grains  appear 
among  the  precipitate. 

(c.)  Mix  the  various  liquors — ^lieat  diem — let  them  stand  for  a 
few  days  in  a  cold  place,  that  muriate  of  lead  may  be  wholly  pre- 
cipitated, and  finally,  drop  into  the  decanted  fluid,  very  cautiously. 


•  The  importance  which  the  combinations  of  this  metal  have  a'^sumcd  in  the  arts, 
has  induced  me  to  give  a  fuller  account  of  it  than  of  any  of  the  inctalss,  which  have 
been  usually  regarded  as  possessing  but  a  small  degree  of  interest. 

f  It  is  the  coloring  matter  of  various  minerals — its  oxide  colors  the  emerald,  green ; 
its  acid  the  ruby,  red.  Chrome  has  been  found  in  the  state  of  an  oxide,  in  the  green 
ore  which  occurs  with  the  red  chromate  of  lead  of  Siberia,  and  it  is  a  frequent  cle- 
ment in  meteoric  stones. 

t  See  the.mineralogical  books. 

§  The  nitrates  of  lead  must  be  mixed  and  preserved,  if  we  would  ascertain  how 
much  lead  is  present. 
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oxide  of  silver  ^  (precipitated  from  its  nitric  solution  by  potassa,)  till  the 
last  portions  added  acquire  a  red  purplish  color. 

(d.)  The  liquors  now  contain  nothing  but  ckrowic  addj  and  bi- 
chromate of  silver ;  after  adding,  cautiously,  muriadc  acid  so  long  as  it 
causes  a  precipitate,  decanting  the  clear  solution,  and  evaporaUng  it, 
chromic  acid  remains. 

3d  Process. 

(rt.)  In  a  stiver  or  platinum  crucible,  heat  to  ignition,  equal  weights 
of  finely  pulverized  chromate  of  iron,^  and  caustic  potassa  or  nitre ; 
separate  every  thing  which  is  soluble  in  boiling  distilled  water,  and 
then  digest  with  pure  muriatic  acid. 

(&.)  Repeat  these  alternate  operauons  till  all  the  solid  matter  is 
taken  up. 

(c.)  The  evaporated  muriatic  solutionj  when  cold,  deposits  gela- 
tinous silica,  and  another  solution  in  water  separates  the  earth ;  am- 
monia precipitates  the  iron  from  the  clear  solution. 

{d.)  The  alkaline  solution  is  carefully  neutralized  by  nitric  acid; 
the  alumma  is  precipitated,  and  the  solution  now  contains  only 
chromate  of  potassa  and  nitre  ;  by  evaporation,  the  mixed  crystals 
are  obtained,  as  in  (c.)  process  1. 

(e.)  To  obtain  the  chromic  acid,  from  either  of  these  solutions,  we 
may  add  an  equivalent  quantity  of  a  mineral  add,  and  on  evaporation, 
we  obtain,  first,  the  salt  formed  by  the  acid  and  alkali,  and  then  a 
mixture  of  the  salt  and  chromic  add,  in  long  ruby  colored  prisms. 

(/.)  Or,  by  adding  nitrate  of  lead  to  the  chromic  alkaline  solution, 
a  yellow  chromate  of  lead  may  be  obtained,  and  afterwards  decom- 
posed.f 

Solutions  of  nitrate  of  baryta,  and  chromate  of  potassa  bemg  mixed, 
sufier  mutual  decomposition,  and  the  resulting  chromate  of  baryta 
bemg  digested  in  dilute  sulphuric  acid,  forms  sulphate  of  baryta, 
and  liberates  the  chromic  acid,  which,  by  evaporation,  is  obtained  in 
fine  ruby  red  crystals.  This  is  the  usual  mode  of  obtaining  chromic 
acid. — Murray. 

4th  Process. — Digest  chromate  of  baryta  in  dilute  sulphuric  acid, 
equivalent  to  saturate  the  earth ;  the  sulphate  subsides,  and  the  free 
acid  remains  in  solution. 


*  This  ore  does  not  contain  chromic  acid,  but  peroxide  of  iron,  24  to  35  parts,  and 
protoxide  of  chromium,  36  to  52,  with  the  accidental  bodies,  silica,  alumina,  &c. : 
a  fact  which  is  said  to  have  been  first  ascertained  by  M.  Godon,  in  France. — Hy.  and 
Th.  Phil.  Trans.  1827. 

At  Col.  Gibbs'  request,  T  analysed  the  Baltimore  chromate  of  iron,  in  1811,  with  a 
similar  result,  and  communicated  it  to  Dr.Bnice's  Journal,  but  the  number  for  which 
it  was  destined  was  never  published,  I  had  no  copy,  and  the  paper  was  lost. 

t  Vide  Yauquelin's  Memoir,  Nich.  4to,  Vol.  II,  p.  387,  and  Jour,  de  Mines,  No. 
34,  p.  744,  and  No.  55,  p.  522. 
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5th  Process.— k/I  hot  concentrated  solution  of  hirchromaie  of  por 
tassa  is  decomposed  by  aqueous  siliccUed  fluoric  acid;  the  double 
fluate  of  silica  and  potassa  being  nearly  insoluble  is  chiefly  separated, 
and  the  fluid  chromic  acid,  after  desiccation  in  a  platinum  capsule, 
is  redissolved  in  the  smallest  portion  of  water,  and  thus  the  remainder 
of  the  double  fluate,  now  insoluble,  is  separated  by  decantation,  and 
the  pure  acid  is  obtained  in  solution.* 

PROPERTIES    OF    CHROlfIC    ACID. 

(a.)  ColoTj  orange^  or  ruby  red — tastCy  sharp  and  metaUtCy  very 
soluble  in  water,  and  the  solution,  evaporated  gendy,  either  in  the 
air  or  by  heat,  gives  litde  long  red  prisms. 

(6.)  A  paper  wet  with  this  addy  and  exposedy  during  some  haursy  to 
the  sun^s  lignty  assumes  a  green  color,  which  is  permanent  in  the  dark. 

(c.)  Metals  which  easily  absorb  oxygen,  such  as  iron,  tin,  be. 
placed  in  this  acid,  give  it  the  same  cobr. 

(d.)  Ether  and  akoholy  boiled  with  it  a  few  moments,  produce  a 
similar  efiect. 

(e.)  Heatedy  (whether  solid  or  fluid,)  vnth  muriatic  addy  it  lib- 
crates  cUorinCy  becomes  deep  greeny  and  the  solution  is  then  capable 
of  dissolviiig  gold. 

(/.)  UfydrO'Sulphuret  of  potassa  precipitates  greenish  brown 
flakes, 

(g.)  It  boils  under  the  blow-pipe  on  charcoal,  and  leaves  an  infusi- 
ble green  matter.f 

(h.)  It  gives  to  phosphoric  glass,  and  to  boraxy  a  beautiful  emerald 
green  color, 

(i.)  It  imparts  a  red  or  yeUow  color,  more  or  less  deep,  to  its  comn 
pounds. 

(j\)  It  gives  with  mercury,  (viz.  by  dropping  an  alkaline  chro- 
mate  into  a  mercurial  solution,)  a  cinnabar  red| — widi  silver,  a  car- 

*  Turner,  2d  Ed.  and  Edinb.  Jour.  No.  XYI,  p.  175. 

t  Mr.  A.  A.  Hayes,  Am.  Jour.  Vol.  XIV,  p.  1S6,  remarks  that  "chromic  acid, 
when  dry,  is  yellowish  brown;  its  solution,  when  somewhat  diluted,  is  yellow 
with  a  shade  of  brown;  the  solution  has  an  add  and  astringent  taste ;  it  bleaches 
litmus  and  blue  paper ;  it  does  not  aflbrd  crystals  by  evaporation,  but  is  reduced  to 
a  yellowish  brown  slightly  deliquescent  crust.  At  a  temperature  below  the  boiling 
point  of  mercury,  it  fuses  with  bubbling,  and  is  partially  decomposed ;  at  a  red  heat, 
it  becomes  the  protoxide.  It  may  be  obtained  by  dropping  muriatic  acid  into  a  mix- 
ture of  chromate  of  silver  and  distilled  water,  until  the  red  brown  color  of  the  chro- 
mate  is  reduced  to  white,  with  a  tinge  of  red ;  at  the  same  time  filtering,  and  cau- 
tiously adding  a  few  drops  of  muriatic  acid,  till  a  white  precipitate  ceases  to  be 
formed.  When  large  quantities  are  required,  the  bi-chromate  of  lead  may  be 
added  to  strong  muriatic  acid,  and  the  mixture  placed  on  a  warm  sand  bath  for  a  few 
hours,  occasionally  stiring  the  mass.  Water  may  then  be  added,  and  filtered  fit>m 
the  chloride  of  lead,  and  the  filtered  fluid  used  instead  of  the  muriatic  acid,  in  de- 
composing the  chromate  of  silver ;  in  either  process,  a  solution  of  pure  chromic  acid 
is  obtained.  This  acid  possesses  the  property  of  coloring  salts  which  crystallize  In  its 
solution. 

X  The  precipitate  is,  according  to  circumstances,  either  a  red  di-chromate ;  a  lemon 
yellow  neutral  chromate ;  or,  an  orange  colored  mixture  of  the  two. — O.  CMUan, 
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mine  red — ^lead,  orange  yellow — zinc  and  bismuth,  yellow — copper, 
cobalt  and  antimony,  give  dull  colore— tin,  green. 

COMBINATIONS    WITH    ALKALIES. 

(a.)  Chromic  add  combines  with  earths^  alkalies^  and  metallic  ocr- 
idesy  and  produces  chromaies. 

(6.)  The  salts  are  formed  as  cdready  stated  in  the  above  articles ; 
they  are  soluble  and  crystaUizablc — the  color  is  generaUy  orange  yel- 
lowj  and  the  crystals  are  of  the  same  color,  only  a  little  deeper.* 

(c.)  Chromate  of  Potassa,-^It  is  obtained  by  neutralizing  a  solu- 
tion of  the  bi-chromate ;  by  subsequent  evaporation  and  rest,  the 
crystals  are  deposited.  They  are  minute  prisms,  of  five  and  six  sides ; 
the  color  is  lemon  yellow ;  this  salt  is  very  soluble  in  water,  and  the 
solution  is  alkaline. 

(rf.)  Bichromate  ofPotassa. — ^When  crystallized  without  the  pre- 
sence of  other  salts,  it  presents  rhombic  tables,  truncated  on  their  ob- 
tuse lateral  edges ;  its  color  is  pure  orange-red ;  crystallized  in  an 
acid  solution,  its  color  is  red-brown.  Sulphuretted  hydrogen  gas, 
decomposes  this  salt,  and  gives  a  precipitate  of  oxide  of  chromium, 
mixed  with  sulphur.f 


*  The  mo6t  economica]  process,  and  the  one  |;enera]ly  adopted,  both  in  cheraistiy 
and  the  arts,  is  by  decomposine  the  chromate  of  iron,  by  nitre.  The  chromate  being 
pulverized,  is  mixed  with  half  its  weight  of  nitre,  and  heated  stronely  in  a  crucible 
for  an  hour  or  two ;  the  chromic  oxide,  acidified  by  the  oxygen  of  Uie  nitre,  is  ttius 
transferred  to  the  alkali,  and  becomes  chromate  of  potassa,  mixed  with  oxide  of  iron. 
By  repeated  digestion  in  hot  water,  the  alkaline  chromate  is  obtained,  and  the  excess 
of  alkali  being  saturated  by  a  little  nitric  add,  the  fluid  will,  by  repose,  give  yellow 
crystals  of  chromate  of  potassa,  in  beautiful  prisms.  Red  chromate  ofmercury  is 
obtained  from  the  solution  of  the  chromate  of  potassa,  by  adding  nitrate  ofmercury, 
and  this  mercurial  chromate  being  decomposed  by  heat,  allows  its  mercury  to  be 
volatilized,  and  the  oxide  of  chromium  remains.  In  the  arts,  skittle  pot  crucibles  are 
about  I  filled  with  the  nitre,  and  chromate  of  iron,  the  nitre  being  from  J  to  equal 
weight :  the  crucibles  are  gradually  heated,  and  at  last  kept  ignited  for  half  an  hour, 
tvhen  they  are  broken,  the  contents  ground,  and  with  the  fragments  of  the  crucibles^ 
boiled  for  half  an  hour,  with  ten  times  their  weight  of  water,  and  the  boiling  repeat- 
ed with  more  water,  till  it  is  no  longer  colored;  the  mixed  fluids,  considerably  evap- 
orated, are  then  saturated  with  nitric  acid,  to  precipitate  the  silica  and  alumina,  the 
liberated  chromic  acid,  after  filtration,  is  again  saturated  with  potassa  till  it  is  again 
vellow ;  a  first  evaporation  separates  the  nitrate  of  potassa,  and  a  second,  after  cool- 
ing, precipitates  the  yellow  crystals  of  chromate  of  potassa ;  the  mother  water,  by 
new  evaporation,  deposits  orange  red  crystals  of  bi-chromate  of  potassa,  and  by  an- 
other evaporation,  more  of  these  crystals,  and  lastly,  being  still  further  evaporated, 
yellow  crystals  of  chromate  of  potassa  are  obtained — Gray's  Op.  Chem.  760.  llie 
bi-chromate  of  potassa  is  usually  made  by  acidulating  the  chromate  of  potassa  with 
nitric  or  sulphuric  acid ;  after  a  day  or  two,  the  red  nl-chromate,  the  most  splendid 
of  all  the  salts,  will  crystallize  in  square  tables. 

f  Bi-chromate  of  potassa  is  anhydrous,  and  is  not  changed  by  a  red  heat ;  its  com- 
position is  potassa  1  proper.  48-|-chromic  acid  2  prop.  104=152  its  equivalent.  This 
salt  is  manufactured  in  large  quantities  at  Glasgow,  for  dyeing  and  printing  calico, 
and  as  a  pigment ;  likewise  at  McKims'  chemical  works,  Baltimore,  where  the  salt 
is  produced  in  splendent  and  well  formed  crystals.^/.  Gri$eom> 
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(e.)  Chrcmatc  of  Soda^  of  a  fine  transparent  yeUow^  contains  12 
proportions  of  water. 

Cf)  Chromate  of  Ammonia. — ^The  crystals  are  minute  prisms, 
which  are  aggre§;ated  so  as  to  present  brilliant  thin  plates,  like  flakes 
of  gold,  resembling  the  form  of  the  index  used  m  writing ;  its  color 
is  yellow,  and  its  lustre  is  metallic.  It  is  formed  by  neutralizing  cliro- 
mic  acid  by  ammonia,  or  by  decomposing  bi-chromate  of  mercury  by 
the  same  dkali.  It  is  a  beautiful  salt.  Chromate  of  ammonia  is  de- 
composed  by  heat^  leaving  green  oxide  of  chromium. 

(g.)  Bichromate  of  Ammonia, — ^The  crystals  are  rhombic  prisms ; 
color,  red-brown ;  less  soluble  than  the  chromate.  When  heated  on 
platinum  foil,  at  a  temperature  below  redness  they  are  decomposed, 
with  the  evolution  of  light,  and  a  slight  detonation  ;  oxide  of  chro- 
mium remains.* 

(A.)  The  ammoniaeal  scdts  give  oxygen  gas  by  heatj  and  the  resi- 
due is  of  a  green  color. 

(i.)  The  earthy  salts  do  the  same ;  the  alkaline  chromates  are,  by 
double  affinity,  decomposed  by  the  soluble  salts  of  baryta,  lime,  stron- 
tia,  and  magnesia. 

[j.^  The  earthy  chromates^  in  general^  are  less  soluble  than  the 
alkaline.  Godon  says,f  that  chromate  of  lime  is  soluble  and  crys- 
tallizable. 

ik.)   Chromate  of  baryta  is  yellow — ^that  of  lime,  orange  yellow. 
I.)  Much  has  been  already  done  with  chromic  preparations,  and 
much  may  be  expected,  in  forming  paints,  enameb,  for  coloring  por- 
celain, be. 

THE  METAL  CHROMIUM. 

(a.)  72  parts  of  chromic  acid  were  placed  in  a  charcoal  crucible^ 
contained  in  one  of  hard  porcelain  filled  with  charcoal  powder,  and 
being  heated  powerfully  for  1  Aotir,  in  a  forge  of  3  tuyers,  it  gave  a  me- 
tallic  mass  ;  white, J  gray,  brilliant,  very  brittle,  and  on  the  surface 
were  many  crystals  in  barbs  or  plumes,  which  were  perfectly  me- 
tallic in  their  appearance. 

(J.)  Structure  granular^  and  in  interlaced  needles,  leaving  spaces 
between  ;  sp.  gr.  5.9.^ 

(c.)  Tarnishes  superficially  by  the  blowpipe j  and  becomes  exter- 
nally green — ^no  signs  of  fusion. 

(rf.)  Does  not  fuse  with  borax,  but  imparts  to  it  an  emerald  green 
color. 

(c.)  Even  when  in  powder,  this  metal  is  oxidized  with  difficulty  by 
strong  boiling  nitric  acid,  and  gives  the  acid  a  green  color  verging  to 


•  Hayes,  in  Am.  Jour.  Vol.  XIV.  t  Ann.  dc  Chim.  Vol.  LIII,  p.  224. 

t  White  with  a  tin^rc  of  ycUow  ;  its  powder  has  the  metallic  lustre :  it  is  not  roajr. 
netic.  §  Dr.  Thomson  found  it  a  little  above  5 
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blue— repealed  operauons  are  necessary  to  convert  it  into  chromic 
acid. 

{/.)  Heated  in  a  crucible  with  potassa  or  soda,  it  absorbs  oxygen^ 
ana  gives  a  yellow  chromate. 

OXIDE  AND  ACID. 

There  appear  to  be  one  oxide  and  one  add  of  chrome. 

1.  The  green*  oxide,  according  to  Dr.  Thomson,  is  composed  of 
chromium  1  proportion  32,  +  oxygen  one,  8=40. 

2.  The  acid,      "      32,  +      "      2 J,  20=62. 

The  anomaly  of  a  half  equivalent  may  be  avoided  by  supposing 
the  chromic  acid  to  be  composed  of  2  equivalents  of  chromium  and 
6  of  oxygen  ;  it  has  long  been  agreed  that  the  equivalent  of  chro- 
mic acid  is  52. 

It  has  been  already  stated,  that  the  protoxide  may  be  obtained  by 
decomposing  the  chromate  of  mercury  by  heat.  Or,  if  to  the  boiling 
aqueous  solution  of  the  chromate  of  potassa,  equal  measures  of  alco- 
hol and  strong  muriatic  acid  be  added,  till  the  liquid  is  green,  am- 
monia, added  in  excess,  throws  down  the  hydrated  oxide,  and  a  pale 
greenish  powder  is  obtained,  containing  29.25  grs.  of  water  to  4\  of 
the  dry  oxide ;  a  greater  proportion  of  water  by  far  than  is  known 
in  any  similar  case.  This  hydrate  is  very  easily  soluble,  while  the 
dry  oxide  is  scarcely  soluble  at  all  in  acids.  By  dissolving  it  in  mu- 
riatic acid,  adding  a  slight  excess  of  ammonia,  and  washing  the  pre- 
cipitate, the  hydrated  oxide  is  obtained  perfectly  pure. 

The  dry  protoxide  is  tasteless,  unaltered  by  heat,  becomes  chromic 
acid  by  deflagration  with  nitre,  ^nd  by  fusion  imparts  a  fine  emerald 
green  color  to  borax  or  other  saline  flux,  a  property  which  is  highly 
characteristic. 

When  heated  nearly  to  redness,  it  becomes  suddenly  ignited,  and 

S-esents  the  appearance  of  combustion ;  an  effect  first  observed  by 
erzelius,  and  by  him  referred  to  internal  change  of  form,  con- 
sequent to  rapid  contraction.  This  interesting  character  is  exhibited, 
when  we  place  a  few  grains  of  the  dry  oxide  in  a  platinum  spoon, 
gently  press  it,  so  as  to  distribute  it  equally  over  the  surface  and  cause 
it  to  slighdy  cohere,  and  subsequently  heat  it  by  the  blowpipe  flame ; 
the  oxide  is  partly  dispersed  by  tlie  sudden  action.  If  considerable 
quantities  of  the  oxide  be  heated  in  a  capsule,  the  ignition  commences 
at  the  surface  m  contact  with  the  dish,  and  sufficient  heat  is  develop- 
ed, to  continue  the  action  throughout  the  mass.f 


*  A  brown  oxide  was  formerly  admitted,  and  by  some  it  waa  called  chromous  acid ; 
it  is  obtained  by  passing  sulphurous  acid  gas  through  the  solution  of  chromate  or  bi- 
chromate of  potassa,  and  washing  the  brown  precipitate  with  water  which  removes 
most  of  the  acid  and  leaves  the  remainder,  1  equivalent,  coinbiiicd  with  6  of  green 
oxide;  but  it  appears  that  these  pro))orUons  vury  vvilli  the  inude  of  preparation. 

i  A.  A.  Hayes,  Am.  Jonr.  Vol.  XIV. 


152  FLUO-CHROMIC  ACID. 

SALTS  OF  CHROMIUM. 

Tbey  must  not  be  confounded  with  the  salts  formed  by  chromic 
acid  ;  m  the  latter,  the  oxidized  chromium  performs  the  functions  of 
an  acid ;  in  the  former,  of  a  base. 

The  hydrated  oxide  is  the  only  form  in  which  chromium  can  be 
eoiily  dissolved^  to  produce  salts ;  or  what  amounts  to  the  same  thing, 
by  boiling  the  chromic  acid  with  other  acids  and  alcohol,  it  is  con- 
verted into  the  oxide  and  then  dissolved. 

According  to  Dr.  Thomson,  most  of  the  salts  which  have  protoxide 
of  chromium  for  a  base,  have  a  deep  green  color,  but  some  are  blue 
and  a  few  purple,  and  even  very  dilute  solutions  are  still  opake ;  their 
taste  is  strong  but  rather  agreeable. 

For  a  fuller  account  of  the  oxides  and  salts  of  chromium,  I  must 
refer  the  reader  to  Dr.  Thomson*s  First  Principles,  to  his  paper  in 
the  Philosophical  Transactions,  1827,  p.  159,  and  to  the  paper  of 
Mr.  Hayes.*  The  following  particulars  are  all  that  can  be  admitted 
consistendy  with  our  limits. 

Nitric  acid  forms  with  the  protoxide  of  chromium  a  solution, 
which,  if  seen  by  reflected  light,  is  green,  but  by  transmitted  light, 
especially  of  a  lamp,  it  is  red. 

Muriaie  of  chromium  is,  when  dry,  a  transparent  green  powder, 
and  is  uldmately  decomposed  by  heat. 

Sulphate  of  chromium  forms  a  neutral  green  solution  of  an  astrin- 
gent taste;  when  dry,  it  is  blue  green  and  transparent ;  but  neither  of 
the  above  salts  is  crystallizable. 

Chromic  add  dissolves  moist  oxide  of  chromium,f  and  forms  a 
neutral  yellowish  solution ;  it  does  not  crystallize.  Many  of  the 
chromic  salts  are  formed  by  double  exchange. 

FLUO-CHROMIC  ACID. 

(a.)  Discovered  in  1825,  by  M.  Unverdorben."^  It  is  obtained  by 
distilling  in  a  leaden  retort  a  mixture  offiuor-^ar^  chromate  oflead^ 
and  fuming  or  even  common  sulphuric  add,  and  the  fluoric  acid  in 
the  form  of  a  thick  yellow  or  red  vapor,  rises  combined  or  mixed 
with  chromic  acid. . 

((.)  It  appears  red  in  the  air,  because  the  atmospherical  water 
decomposes  it  and  precipitates  chromic  acid  in  small  red  crystals. 
It  readily  attacks  glass,  and  is  rapidly  absorbed  by  water,  which  ac- 
quires an  orange  tint,  and  then  contains  the  two  acids  dissolved. 


*  Am.  Jour.  Vol.  XIV. 

4  This  compound  is  called  chromate  of  chrouiium. 

t  Edinburgh  Jour,  of  Science,  No.  7. 
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(c.)  By  evaporatumj  pure  chromic  add  is  obtainedy  the  fluoric 
acid  being  volatilized. 

{d.)  When  the  gas  is  received  into  a  deep  and  moistened  platinum 
vesself  the  water  is  soon  saturated,  the  fluoric  acid  is  dissipated,  and 
the  chromic  add  is  predpitated  like  a  red  snow  ;  when  ignited  in  a 
platinum  vessdy  it  meUs^  and  explodes  with  a  flashy  being  decomposed 
into  oxygen  and  protoxide ;  but  the  crystals  obtained  from  water  do 
not  give  a  similar  result. 

(e.)  Crystals  of  chromic  add  are  decomposed^  in  ammoniacal  gaSj 
vnth  explosion  and  light,  and  a  protoxide  ot  the  metal  results;  a  simi- 
lar e&ct  happens  when  ammoniacal  gas  is  mixed  with  fluo-chromic 
gas  or  vapor. 

CHIiOBO-CHROinC  ACID. 

1.  Process. 

(a.)  Triturate  and  intimately  mix  190  m.  of  hirchromate  of  pO' 
tassa  Ufith  225  of  common  salU  In  a  tubdated  glass  retort,  adapted 
by  a  cork  to  a  dry  glass  receiver,  mix  this  powder  toith  500  grs.  of 
common  sulphuric  addy'^  and  apply  a  lamp  heat. 

(b.)  There  is  an  effervescence,  and  beautiful  red  fumes  soon  ap- 
pear, which  condense  and  drop  into  the  receiver  in  the  form  of  a  red 
Bquid;  10  or  15  mmutes  finish  the  process,  and  the  liquid  m  the 
retort  is  now  green.  About  200  grs.  of  the  red  liquid  are  obtained 
from  the  above  quantity  of  materials. 

(e.^  Chromate  of  lead,  or  chromate  of  potassa  may  be  substituted 
for  bi-chromate  of  the  latter. 

2.  Properties. 

(a.)  Color,  deep  crimson;  opake,  except  in  thin  films ;  odor,  like 
that  of  chlorine ;  taste,  sweetish,  astringent,  and  acid. 

ih.\  Reddens  vegetable  blues. 
c.)  Sp.  gr.  1.9134,  but  its  extreme  volatility  renders  it  diflicuU 
to  obtain  its  exact  gravity. 

(d.)  Sinks  in  water,  and  the  drops  resemble  oil ;  chlorine  gas  is 
emitted  rather  copiously,  and  a  greenish  yellow  fluid  results,  con- 
taining muriatic  and  chromic  acids,  and  a  little  green  oxide  of  chro- 
mium. 

(e.)  Dropped  into  alcohol,  of  sp.  gr.  .840,  it  produces  heat  andcomr 
bustion;  and  the  same  effect  happens  with  oil  of  turpentine ;  by  this 
action,  the  fluid  is  reduced  to  the  state  of  green  oxide  of  chromium. 

(/)  It  heais  and  inflames  sulphur  and  pho^horuSy\  and  the  va- 
por detonates  vnth  ammoniaccd  gas. 

■  ■  ..11  ,         g, 

*  The  procen  is  easiest  when  the  quantity  of  acid  is  sufficient  io  produce  a  aemi* 
fluid  magma. 

t  The  Utter  according  to  Dumas ;  phosphorus  did  not  inflaine  in  Dr.  Thomao&'a 
experiments.  The  experiment  requires  caution,  as  the  inflamed  phosphorus  is  gen- 
erally flirown  about  with  g^at  violence. — J.  T.  m 

Vol.  n.  20 
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(g.)  No  action  on  charcoal,  oxygen,  chlorine,  iodine,  nitric  and 
muriatic  acids,  and  indigo. 

(A.)  It  acts  on  oKve  oil  with  heat  and  effervescence,  and  some- 
times the  oil  is  inflamed. 

3.  Composition. — Chromic  acid  1  equiv.  62 
Chlorine     "    1      "     36 

88  its  equivalent.* 
Dr.  Turner  remarks,  that  it  may  be  regarded  either  as  a  com- 
pound of  muriatic  and  chromic  acids,  or  of  chlorine  and  chromium ; 
but  it  is  stated  that  M.  Dumas  has  discovered  that  the  pure  chloride 
of  chromium  is  a  fluid,  obtained  by  passing  the  gas  of  Unverdorben, 
through  a  cold  tube,  and  that  its  taking  the  gaseous  form  is  owing  to 
the  muriatic  acid  with  which  it  is  mixed. 

MISCELLANEOUS. 

It  is  now  agreed,  that  the  chromate  of  iron  was  improperly  so  nam- 
ed, and  tliat  it  is  not  a  compound  of  chromic  acid  and  oxide  of  iron, 
but  of  the  latter  with  oxide  of  chrome.f 

3^  principal  use  of  chromium  is  injfbrmiTig  pigments ^  particularly 
the  chrome  yellow  and  the  bi-chromate  of  potassa.  By  boiling  car- 
bonate of  lead  67  parts,  with  chromate  of  potassa  82  parts,  in  a 
sufficient  quantity  of  water,  Dulong  obtained  a  red  sub-chromate  of 
lead,  composed  of  2  proportions  of  protoxide  of  lead  and  one  of 
chromic  acid ;  it  is  called  a  di-chromate,  and  is  recommended  as  a 
pigment.J 

Chromic  preparations  are  used  in  dyeing, — Silk,  wool,  cotton,  or 
flax,  bebg  placed  in  a  dilute  solution  of  sub-acetate  of  lead,  at  122^ 
to  150^  Fahr.,  then  washed  with  much  water,  and  next  plunged  into 
a  solution  of  neutral  chromate  of  potassa,  they  acquu-e,  in  about  ten 
minutes,  the  full  intensity  of  color,  which,  if  the  stuflfe  are  plunged  into 
acetic  acid,  becomes  instantly  of  a  very  brilliant  orange ;  or  the  same 
color  is  produced,  if  the  neutral  acetate,  or  crystallized  nitrate  of  lead 
is  used.  Soap  does  not  alter  these  colors  in  the  cold;  at  212°  it 
weakens  the  shade,  but  vinegar  restores  it ;  it  is  however  instantly 
destroyed  by  carbonate  of  soda,  and  by  muriatic  acid.§ 


•  For  the  proofs,  see  Dr.  Thomaon'B  Memoir,  Phil.  Trans.  1^27. 

]  That  of  Baltimore,  according  to  Mr.  Seybert,  is  composed  of  39.5  protoxide  of 
chromium,  36  protoxide  of  iron,  18  alumina,  and  10.5  silex.  Am.  Jour.  See  also  Ann. 
de  Chim.  Vol.  XXV  and  LXX.     Ann.  de  Chim.  etde  Phys.  Vol.  XiV,  p.  299: 

XV,  67;  XVI,  400;  XVII,  XXII,  61;  LXX XII,  292.    Ann.  PhUos.  Vol.  IV, 

XVI,  and  IX,  p.  303.    Dr.  Thomson's  First  Prin. 

X  Ann.  Philos.  N.  S.  IX,  303.    It  is  a  good  oil  color,  and  mixes  well  with  white 
lead ;  as  a  water  color  also,  it  stands  well  m  exposed  situations. 
§  Thcnard,  6th  Ed.  Vol.  IV,  p.  218. 
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The  coloring  power  of  tlie  chromate  of  potassa  is  so  great  that 
40,000  parts  of  water  are  sensibly  tinged  yellow  by  one  of  this  salt. 

The  chrome  yeUow,  (chromate  of  lead,)  was  first  made  in  this 
country  by  Mr.  Godon,  who  supplied  cabmets  with  small  portions, 
as  specimens. 

We  owe  the  manufacture,  on  a  scale  sufficient  for  the  demands  of 
the  arts,  to  Mr.  George  Chilton,  who,  by  the  beauty  and  permanen- 
cy of  the  pigment  which  he  made,  o'rercame  the  doubts  ottbe  paint- 
ers, and  die  hesitancy  of  the  dealers,  and  the  manufacture  is  now 
successfully  prosecuted  in  the  U.  States,  by  other  persons,  and  in 
various  nlaces.  I  have  beautiful  specinoiens  of  chromate  and  bi-chro- 
mate  oi  lead,  chromic  acid,  and  green  oxide  of  chrome,  made  sev- 
eral years  ago  by  Mr.  Chilton. 

Chromate  of  iron  is  diffiised  through  the  New  Haven  and  Milford 
marble  and  serpentine,  and  with  oxide  of  iron,  probably  forms  the  fine 
green,  and  all  the  other  colors.  The  most  abundant  American  local- 
ity is  near  Baltimore,  at  the  Bare  Hills.  It  is  found  also  in  the  Shet- 
land islands,  in  France,  and  in  other  cotmtries. 

Sec.  XVn. — ^Titanium. 

I.  History. — ^Discovered  m  1781.* 

n.  Processes. — Obtained  from  its  orcjf — 1.  Titanite  or  red 
shorL  2.  Anatase  or  octaliedrite.  3.  Menachanite.  4.  Titan 
siliceo  calcaire  or  sphene.  5.  Iserin;  for  the  description  of  all 
which  see  the  mineralogical  books. 

1st  Process — on  the  titanite. 

(a.)  Fixed  alkali  is  the  only  reagent  sufficiently  active  for  these 
researches,  and  carbonated  alkali  b,  in  many  cases,  preferable  to  the 
causdc. 


*  There  is  black  sand,  considerably  resembling  gun  powder,  found  in  the  yalliiy  of 
Menachan  in  Cornwall,  (England,)  which  was  examined  by  Mr.  Greeor,  (A.  D. 
1781.)  He  concluded  that  it  consisted  of  oxide  of  iron,  and  a  new  metal,  although  he 
was  not  able  to  obtain  it  in  a  separate  state. 

In  1795,  Klaproth  published  an  analysis  of  a  crystallized  mineral,  found  frequently 
in  gneiss  rocks,  and  before  known  to  mineralogists  by  the  name  of  red  schorl.  Al- 
though he  was  unable  completely  to  reduce  it,  he  found  reason  to  conclude  that  it 
consisted  wholly  of  the  oxide  of  a  new  metal  which  he  named  titanium.  He  after- 
wards examined  the  black  sand  from  Cornwall,  and  found  it  to  contain  the  same  sub- 
stance. 

Titanium  has  been  found  in  the  octahedral  iron  ore  from  Elba ;  in  chrichtonite ; 
in  black  mica ;  in  some  feldspars  and  serpentines,  and  in  the  specular  iron  ore  of 
Elba.  A  pure  oxide  of  titanium  has  been  obtained  also  in  the  form  of  pale  yellow 
crystals  from  the  diamond  mines  of  Brazil ;  they  agree  in  form  with  the  anatase. 
Henry,  11th  Ed.  Vol.  II,  p.  99,  and  Eng.  Quar.  Jour.  XXII,  409. 

t  See  Klaproth's  Analytical  Essays,  Vol.  I,  p.  214.  Journal  des  Mines,  No.  19, 
p.  58,  and  No.  15,  p.  21. 
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(&.)  T%e  ore^  very  finely  pulverized,  ii  mixed  vnih  three  timis  its 
iifeight  of  carbonate  ofpotana  and  fiuied  in  a  platinum  erueiUe;  if 
iron  and  manganese  are  present,  a  green  color  results,  otherwise,  the 
cobr  is  pearl  gra^. 

(c.)  Every  thing  soluble  in  hot  water  being  extracted  from  the 
pulverized  mass,  a  gray  powder,  wiiich  is  a  compound  of  titanium  and 
potaaaj  remains. 

(d.)  It  is  dissolved  in  strong  muriatic  add,  and  on  dQuHon  with 
water  and  boUingj  the  greater  part  of  the  oxide  of  titanium  faBs. — 
It  is  then  washed  on  a  filter  with  acidulated  munatic  acid ;  it  is  di- 
gested, while  still  moist,  with  hydro-sulphuret  of  ammonia  which  tnms 
die  oxides  of  iron  and  manganese  into  sulphurets,  but  does  not  act 
on  the  oxide  of  titanium.  The  sulphurets  are  removed  by  dilute 
muriatic  acid,  and  the  washed  titanium  is  ignited.* 

2d  Process. 

(a.)  Titan  siliceo<alcaire  or  sphene. — ^Ignite  100  grs.  with  400 
of  caustic  potash,  for  one  hour ;  soften  the  mass  with  water,  and 
digest  with  excess  of  muriatic  acid ;  a  solution  of  the  whole  is  ob- 
tained except  12  grs.  of  silica ;  decompose  the  muriatic  solution  by  car- 
bonate of  potassa,  wash  and  dry  the  precipitate,  and  again  digest  with 
muriatic  acid ;  23  grs.  of  silica  are  left ;  add  caustic  ammonia  to  the 
preceding  solution ;  oxide  of  titanium,  of  a  yellowish  white,  is  thrown 
down,  and  after  ignition,  amounts  to  33  grs. 

(&.)  The  residual  fluid,  being  saturated  at  a  boiling  heat  by  carbo- 
nate of  potassa,  gives  33  grs.  of  carbonate  oflime. 

3d  Process. 

(a.)  Menachanite. — 100  grs.  with  400  grs.  caustic  potash,  are  ig- 
nited for  1^  hour ;  the  fused  mass  is  green  and  gives  a  green  solu- 
lioa  with  water,  while  a  brick  red  powder  of  124  grs.  remains. 

(i.)  These  124  grs.  being  boiled  for  1  hour  in  caustic  potash,  and 
saturated  with  muriatic  acid,  3  grs.  of  oxide  of  titanium  fall,  when 
carbonate  of  potassa  is  added. 

(c.)  The  residue  of  the  124  grains  being  digested  with  dilute  mu- 
riatic acid,  it  acquires  a  yellow  color,  and  leaves  46  grs.  of  a  reddish 
white  powder,  viz.  oxide  of  titanium  ;  the  yellow  muriatic  liquor  gave, 
by  ammonia,  60  grs.  of  brown  oxide  of  iron. 

(d.)  The  green  alkaline  solution  is  super-saturated  with  muriatic 
acid,  and  becomes  bright  red,  which  color  disappears  by  evaporation ; 
the  saline  residuum  is  entirely  soluble  in  water,  which  proves  that 
silica  is  not  present;  add  carbonate  of  potassa,  and  there  is  a  precq)- 
itate  of  2  grs.  of  carbonated  manganese. 


*  Turner,  and  Ann.  de  Chim.  et  de  Phys.  XXIII. 
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4th  P|ioox08.— -The  processes  upon  the  titanic  ores  are  numerous, 
and  they  require  to  be  varied  in  different  cases ;  the  foUowing  is  by 
Prof.  Rose,  of  Berlin. 

Jff.^  ^fier  obtaining^  as  in  process  1,  the  mixed  sohUion  of  iron 
>  titanic  oxide  Tor  acid)  in  muriatic  add^  ammonia  is  added  in  ex^ 
ce^f— and  althougn  it  produces  no  precipitate,  hydro-sulphuret  of 
ammonia  throws  doim  the  iron^  without  affecting  the  titanium.  The 
fluid,  on  evaporation,  afibrds  the  titanic  acid  or  oxide  which  is  calcined 
with  free  access  of  air. 

(b.)  Tiianized  iron  is  most  frequent!]^  used,  because  it  is  more 
abunaant  than  ruble  ;  in  fine  powder ^  it  is  exposed,  in  a  porcelain 
tubcy  to  the  action  of  sidphuretted  hydrogen  gas  ;  the  iron  is  convert- 
ed into  a  sulphuret,  which  is  removed  by  muriatic  acid,  and  after  ig« 
nition,  to  expel  the  sulphur,  the  titanic  acid  is  obtained ;  ^ut  to  haye 
it  quite  pure,  it  may  be  necessary  to  repeat  the  process.* 

III.  Keduction. 

(a.)  The  oxide  is  mixed  with  fish  oil  and  placed  in  a  crucible,  Un* 
edwith  a  mixture  of  day  and  charcoal,  and  heated  intensely  for  three 
hours;  a  blackish  spcmgy  mass  is  obtained,  which,  in  some  places, 
has  a  reddish  metallic  appearance. 

(6.)  100  parts  native  iiianite  being  mixed  with  50  of  calcined  b^ 
rax  and  50  of  charcoal  powder ,  the  mixture  was  heated  for  1}  h^r 
in  a  forge  ;  an  agglutinated  brittle  mass  was  obtained,  resembling 
copper  in  external  lustre  and  color,  and  if  broken  while  yet  hot,  it 
passes  to  purple  and  blue. 

(c.)  The  gallate  of  titanium,  decomposed  by  potassa,  and  heated 
strongly  with  charcoal  powder,  in  a  charcoal  crucible,  affords  a  me- 
tallic mass  of  a  dark  copper  color,  and^somewhat  brilliant.f 

IV.  The  Metal. 

TTie  properties  of  metallic  titanium  were  scarcely  known  until 
1822,  when  Dr.  WoUaston  ascertained,  that  the  metal  had  been  ac- 
cidentally produced  at  the  bottom  of  a  great  iron  smeldng  furnace, 
at  Mertlun  TVdvil,  in  Wales ;  at  Low  Moor,  in  YcMrkshire  ;  at  the 
Clyde  Iron  Works,  in  Scodand  ;  and  other  places,  where  the  crys- 
tals of  titanium  had  been  mistaken  for  Iron  pyrites. 

1.  Properties. 

(a.)  In  smaU  cubes  having  the  color  and  lustre  of  burnished  copper, 
harder  than  steel,  glass,  or  even  rock  crystab,  or  agate,  on  the  pol- 
ished surface  of  which,  a  sharp  angle  of  the  cubes  will  write. 


•  HeDiy,  11th  Ed.  Vol.  II,  p.  100,  and  Ann.  de  Chim.  et  de  Pbyi.  Vol.  XXXVIII, 
p.  181.  In  place  of  the  ammonia,  Laugier  adds  oxalic  acid,  which  combines  with 
the  titaniom,  and  the  oxalate  being  calcined,  Uie  oxide  of  titanium  remains  pure. 

t  This  is  the  process  of  Lampadius,  and  succeeded  better  than  any  other. 
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(6.)  Sp,  gr.  5.3  ;  conducts  even  the  feeblest  electricity ;  slightly 
magnetic,  from  a  little  adherent  iron;. and  after  being  acted  on  by 
muriatic  acid,  Dr.  W.  inferred  that  it  still  contains  ^j^  of  iron. 

(c.)  Very  infusible^  not  melted  by  the  blow-pipe,  but  slowly  oxi- 
dized by  long  continued  heat,  becoming  covered  with  a  purple, 
or  even  red  film  of  oxide. 

(df.)  JVW  affected  by  the  strongest  acids  ;  completely  oxidized  by 
bebg  heated  with  nitre,  and  especially  with  nitre  and  borax,  the  lat- 
ter, constantly  dissolving  the  oxide  produced  by  the  former;  the 
addition  of  soda  facilitates  the  process.  The  result  is  the  white,  or 
peroxide  of  titanium. 

(c.)  The  crystals,  fused  with  equal  weights  of  borax,  and  dry  car- 
bonate of  soda,  become  soluble  in  muriatic  acid ;  the  metal  is  pre- 
cipitated by  continued  boiling,  and  by  alkalies,  but  is  not  soluble  in 
them,  even  in  excess.  .  The  muriate  of  the  oxide,  dried  at  212^, 
loses  any  excess  of  acid,  is  again  soluble  in  water,  and  is  in  a  good 
state  for  experiments.* 

V.  Oxides. 
Tufo. — Protoxide,  as  in  anatase,  or  octahedrite  ;  color  blue.f 
Peroxide,  as  in  the  rutUite,  in  which  its  color  is  probably 

derived  from  iron,  as  the  peroxide  is  white. 

(c.)  From  its  combining  with  a  few  bases,  it  has  been  called  the 
titanic  acid,  but  its  affinities  are  very  weak,  and  it  appears  scarcely 
worthy  of  having  that  rank.  J 

(d.)  The  peroxide  is  infimble ;  becomes  yellow  by  heat,  white 
again  when  cold,  and  is  then  insoluble  in  acids.  Constitution : 
titanium,  1  prop.  32+  oxygen  2=16=48.  The  oxide  of  titani- 
um is  not  reduced  by  the  galvanic  battery. 

VI.  Miscellaneous. 

(a.)  The  native  red  oxide  is  insoluble  in  the  strongest  acids,  even 
when  aided  by  digestion  ;  after  being  fused  with  carbonate  of  pot- 
assa,  it  becomes  then  in  a  degree  soluble. 

(6.J  The  nitric  solution  affords,  by  spontaneous  evaporation,  rhom- 
boidal  crystals. 

(c.)  Muriatic  acid  produces  transparent  crystals.  It  is  supposed 
by  Mr.  Rose,  that  these  are  not  true  salts,  but  compounds  of  the  per- 
oxide with  alkali. 

(d.)  Prussiate  of  potassa  gives  a  green§  precipitate,  mixed  with 
brown ;  but  a  pure  solution  of  titanium  produces  a  red,  inclining  to 
orange. 

•  Phil.  Trans.  1823. 

\  From  (he  muriatic  solution  of  titanic  acid  with  potassa,  a  plate  of  zinc  precipitates 
the  hlue  oxide :  if  ammonia  or  potassa  is  then  added,  the  water  will  be  decomposed, 
and  the  hlue  oxide  of  titanium  will  become,  white  or  peroxide. — Rose. 

t  Ann.  Phil.  N.  S.  Vol.  VI,  p.  361.  §  The  green  supposed  to  be  owing  to  iron. 
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(e.)  Tincture  of  galls,  gives  a  brown  red.* 

if.\  Hydro-sulphurets,  a  dirty  dark  green. 

ffif. )  A  rod  of  tin,  a  fine  red  color ;  one  of  zinc,  a  deep  blue. 

(A.)  Forms  with  borax,  a  glass  of  hyacinthine  red. 

(t.)  Does  not  combine  with  sulphur j  nor  does  sulphuretted  hydro- 
gen precipitate  it ;  but  vapor  of  sulphuret  of  carbon,  passed  over  the 
ignited  peroxide,  generates  a  sulphuret.  It  is  of  a  deep  green  color, 
and  by  friction  obtains  a  strong  metallic  lustre. 

(j,)  It  forms  no  alloys^  unless  with  iron,  as  in  the  crystals  examm- 
ed  by  Dr.  WoUaston  ;f  and  an  alloy  of  that  metal  is  obtained  by  heat- 
ing the  oxide  of  titanium  with  iron,  oil,  and  charcoal  powder. 

(k.)  Both  the  white  oxide  of  titanium,  dnd  rutilite,  give  a  straw 
yellow  color  to  enamel  flux,  and  oxide  of  titanium  has  been  used 
as  an  ingredient  in  the  rich  brown,  for  porcelain  painting,  but  it  was 
difficult  to  obtain  an  uniform  Unt.} 

(/.)  Chloride  of  titanium  is  formed  by  passing  dry  chlorine  over 
the  pulverized  crystals  from  the  iron  slag,  contained  in  an  ignited 
tube  ;  a  fluid  condenses  in  the  cooler  part  of  the  tube  ;  it  is  limpid, 
fuming,  and  boils  a  little  above  212^ :  a  drop  of  water  rapidly  ex- 
pels cUorine,  and  when  water  was  not  in  excess,  a  solid  muriate  was 
formed.^ 

CONCLUDING   REMARKS. 

Titanium  is  found  In  many  places,  and  in  no  country  more  fre- 
quently than  in  the  U.  States,  where,  according  to  its  well  known 
geological  relations,  it  frequents  primitive  rocks. 

It  is  a  much  more  generally  diffused  substance  than  was  formerly 
imagined,  and  may,  perhaps,  become  hereafter  useful. 

Sec.  XVTII. — ^Tellurium. 

I.  Discovert  and  Name. 

In  1782,  by  Mvllerj  while  examining  the  gold  ores  of  Transylvania : 
confirmed  by  Bergmann,  anymore  fuUy  by  Klaproth^W  in  1798,  who 
called  the  new  metal  teUuriumj  after  teUus,  the  earth,  in  accord- 
ance with  the  ancient  method  of  naming  the  metals  after  the  planets. 


*  Looks  like  coagulated  blood,  if  concentrated,  and  when  dried,  resembles  kennes 
mineral. 

t  Perchier  regards  Dr.  Wollaston*s  titanium  as  a  titaniuret  of  iron. — J.  T. 

X  The  native  oxide  of  titanium  was  formerly  much  used  at  Sevres,  but  for  the  rea- 
son stated  in  the  text,  was  given  up.  It  is  employed  to  give  a  strong  yellow  color  to 
the  porcelain. 

$  Ann.  Phil.  N.  S.  Vol.  IX^  p.  18. 

II  KlaproUi's  Contributions,  Vol.  IL 
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II.  Natural  SouRcitB. 

Obtained  from  itt-arety  in  all*  of  which  It  exists  in  the  metallic 
state ;  but  combined  or  mixed  with  different  metals.  The  princi- 
pal ores  are — 

1.  White  native  Tellurium. — Sylvanite,  aunim  paradoxum  or 
problematicum. 

2.  Gray  native  Tdlurium. — Sjrlvane  graphique,  aurum  gmphi- 
cum. 

3.  Yettcw  Ji'ative  Tdluriam. — Sjlvaae  Uanche,  (Brocb.)  tellure 
natif  aurii^e  et  pfembifere  of  Haiiy. 

4.  BUuk  natwe  Tellurium. — Sylvane  lameUeox,  (Broch.)  teBa* 
re  natif  aurifere  et  plombifere,  (Haiiy.) 

UI.  Procsssbs — ^Analysis. 

1.  Cfthe  White  TeUwrium. 

(a.)  Take  of  the  ore  100  parts,  with  600  muriatic,  and  300  ni* 
trie  acid,  added  slowly,  at  intervals ;  die  action  is  violent,  and  all  is 
taken upexeept the  gangue. 

(b.)  The  solutfon  is  diluted,  as  much  as  may  be  without  decom- 
position ;  add  caustic  fixed  alkali  until  the  copious  {nrecipitate  is  al 
dissolved,  as  far  as  it  is  soluble  in  this  menstruum ;  oxides  of  gold  and 
-iron  remain,  of  a  dark  brown  color,  and  slimy  consistence. 

(e.)  This  residuum  is  dissolved  in  nitro  muriaUc  acid — ^add  ni- 
trate of  mercury,  (made  in  the  cold)  drop  by  drop,  as  long  as  the 
precipitate  appears  brown ;  it  is  gold  and  muriate  <^  mercury ;  it 
must  be  ignited  with  borax  in  a  crucible ;  mercury  is  expelled,  and 
a  button  of  pure  gold  remams. 

(d.)  To  the  nitro-muriatic  sdudon,  (c.)  add  causdc  alkali,  and 
the  oxide  of  iron  is  thrown  down. 

(e.)  The  alkaline  solution,  (c.)  of  the  oxide  of  tellurium,  is  satu- 
rated with  muriatic  acid,  and  heated;  oxide  of  tellurium,  a  white 
heavy  powder,  is  precipitated ;  it  is  washed  in  a  mixture  of  equal  parts 
of  alcohol  and  water,f  and  gendy  dried,  preparatory  to  its  reduction. 

(/.)  This  ore  contains  92.66  tellurium,  7.20  iron,  0.26  gold. 

2.  Of  the  Gray  Tellurium. 

fa.)  Digest  in  nitro-muriatic  acid,  till  nothmg  more  is  taken  up. 

[b.)  Quartz  and  muriate  of  silver  remain;  fuse  with  6  parts  of 
caroonate  of  soda  and  obtain  pure  silver. 

(c.)  The  nitro-muriadc  soluUon,  being  gready  concentrated  by 
evaporation,  is  largely  diluted  with  alcohol,  when  oxide  of  tellurium 

Erecipitates ;  redissolve  it  in  muriatic  acid,  and  precipitate  it  again 
y  a  bar  of  iron,  when  it  will  fall  in  black  metallic  flocculi. 


*  Selenium  is  found  in  one  of  its  ores, 
t  Because  water  al(me  would  dinolve  It. 
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{d.)  The  last  nitro-muriatic  solution  gives  up  its  gold,  (after  the 
precipitation  of  the  tellurium,)  by  adding  green  sulphate  of  iron. 

(e.)  This  ore  contains  tellurium  60.,  gold  30.,  and  silver  10. 

3.  Of  Yellow  Tellurium. 

(a.)  400  grains  of  the  ore  are  digested  in  nitric  acid,  till  nothing 
more  is  taken  up. 

(&.)  Muriatic  acid  throws  down  51  grs.  of  a  white  powder ;  boil- 
ing water  redissolves  43,  and  8  grs.  of  muriate  of  silver  remain. 

(e.)  The  solution  m  boiling  water,  by  gende  evaporation,  affords 
cfystals  of  muriate  of  lead. 

(J.)  The  residuum  from  the  first  step,  (a.)  is  treated  with  nitro- 
muriatic  acid,  till  nothing  more  is  taken  up;  the  solution  is  mixed 
with  that  remaining  in  (6.)  and  evaporated  till  no  more  crystals  of 
muriate  of  lead  are  deposited ;  11  grs.  are  thus  obtained. 

(e.)  To  this  concentrated  solution,  caustic  potash  is  added,  in  ex- 
cess— a  copious  blackish  brown  precipitate  iaUs ;  this  is  separated, 
and  the  alkaline  liquor  saturated  with  muriatic  acid,  when  a  white  pre- 
cipitate appears,  which  is  redissolved  in  muriatic  acid,  and  then  pre- 
cipitated by  a  stick  of  zinc ;  85  grs.  of  tellurium  are  thus  obtained. 

(/•)  The  blackish  brown  precipitate  is  dissolved  in  nitro  muriatic 
acid,  and  the  liquor  nearly  saturated  with  caustic  potash;  nitrate 
of  mercury  is  added,  till  the  precipitate  begins  to  wmten ;  this  pre- 
cipitate being  filtered  and  washed,  the  filter,  with  its  contents  is  ig- 
nited in  a  crucible ;  a  little  nitre  is  added,  the  fire  mcreased,  and 
a  button  of  pure  gold  obtamed,  of  50.75  grains. 

(g.)  The  remainder  of  the  last  nitro-muriatic  solution  is  saturated 
with  carbonate  of  potassa,  and  a  precipitate  obtained,  of  oxide  (^man- 
ganese, oxide  of  uron,  carbonate  of  lime  and  alumina. 

(A.)  The  insoluble  residue  of  (d.)  weighing  130.5  grs.,  is  chiefly 
quartz ;  a  gentle  heat  expels  sulphur,  1  gr. :  it  is  mixed  with  4  parts 
of  carbonate  of  potassa,  and  fused,  and  a  button  of  silver  is  obtamed, 
weighing  10.125  grs.* 

There  are  two  other  varieties  of  ores  of  tellurium,  one  in  which  it 
is  combined  with  bismuth,  and  in  another,  selenium  is  present. 

IV.  Reduction. 

The  dried  oxide  cf  tdlurium  is  intimaiely  mixed  with  S  or  9 
per  cent  of  charcoal.  The  mtacture  being  placed  in  a  glass  reiortf 
the  whole  is  gradually  heated,  to  a  k>w  ignition;  carbonic  add  es- 
capes, and  some  of  the  materials  may  pass  into  the  receiver,f  while 

*  Aa  these  analy  tical  steps  of  KUproth  are  short,  I  liave  preserved  them,  tad  the 
rather  because  there  is  reason  to  believe  that  the  tellurium  exbts  in  this  vicinity,  at 
Monroe,  Con.— Fyr  the  analysis  of  the  fourth  sort,  see  Allan's  Diet  Vol.  I.  p.  411. 

t  For,  if  not  cautiously  managed,  the  decomposition  is  so  rapid  as  (o  be  almost  ex- 
plosive. This  may  be  avoided  by  dissolving  the  purified  oxide  in  muriatic  acid,  and 
precipitating  the  tellurium  by  a  bar  of  iron ;  the  black  floeeoU  may  be  then  washed 
and  melted  in  a  crucible. 

Vol.  U.  21 
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a  few  meiaUie  globuUi  appear  in  the  neck;  the  metal,  with  a  bright 
crystalline  surface,  is  found  m  the  bottom  of  the  retort ;  100  parts 
of  the  oxide  give  83  of  the  metal. 

V.  The  Metal — Properties. 
•  (a.)  7^n  white,  ^r^^  to  lead  grey;  lustre,  highly  metallic; 
fracture  foliated;  brittle  and  easily  pulverized ;  sp.  gr.  6.115;  by 
nlow  cooling,  superficially  crystallized  ;  melts  at  about  the  fusing 
point  of  zinc,  and  is  volatilized  at  ignition,  being  the  most  volatile 
metal,  except  osmium  and  quicksilver ;  in  a  curved  tube,  or  a  small 
retort,  filled  with  nitrogen,  tt  may  be  distilled  over  without  change. 

(6.)  Before  the  blowfipe,  on  eharcoalj  it  inflames  very  rapidly, 
the  flame  is  a  vivid  blue,  with  light  green  edges  y  a  heavy  white  oxh- 
ide rises,  with  a  peculiar  pungent  and  rather  nauseous  smell,  usually 
compared  to  that  of  decayed  horse  radish,  but  which  Berzehus  at- 
tobutes  to  selenium,  and  it  is  now  said  that  the  combustion  of  pure 
tellurium  gives  no  such  odor. 

(e.)  The  oxide  heated  on  charcoal  is  reduced,  with  a  kind  of  ex- 
plosion, and  by  combustion,  it  is  agam  converted  into  an  oxide  vrtiich 
IS  stated  to  consist  of  metal  32,  or  1  proportion,  and  oxygen  8^40, 
but  theseproportions  need  confirmation. 

(d,)  Heated  in  a  glass  retort,  it  fuses  into  a  mass,  which,  on  be- 
coming cold,  is  of  a  straw  color,  and  striated  texture ;  the  oxide,  as 
already  stated,  is  reduced,  if  heated' in  a  retort  in  contact  with  car- 
bonaceous matters. 

(e.)  Combines  by  fusion  with  its  oum  weight  of  sulphur,  and  pro- 
duces a  lead  cobred,  striated  mass,  with  metallic  lustre ;  a  part  of 
the  sulphur  sublimes  by  ignition,  and  carries  up  some  of  the  metaL 

(/.)  Sulphuric  acid,  without  heat,  takes  up  a  little  of  the  metal, 
and  becomes  colcM^d,  deep  amethystine  red  ;*  the  solution  loses  its 
color  on  the  addition  of  water,  and  a  black  floccnlent  precipitate  £b11s  ; 
heat  also  destroys  the  color,  and  separates  a  white  oxide. 

(g.)  If  the  oxide  be  previously  diluted  with  water,  and  a  few 
drops  of  nitric  acid  added,  a  considerable  portion  of  tellurium  is 
taken  up,  the  soluUon  is  cokurless,  and  water  aoes  not  decompose  it. 

(A.)  The  nitric  solution  is  dear  and  limpid,  giving  slender  pris- 
matic crystals ;  the  solution  is  not  decomposaUe  by  water. 

(ft.^  Juuriatie  add  has  little  action  on  tellurium;  with  a  little  nitric 
acid  It  gives  a  clear  colorless  solution ;  it  is  decomposed  by  water, 
axul  a  white  sub-muriate  b  thrown  down ;  the  precipitate,  however, 
is  resoluble  in  more  water ;  alcohol  separates  the  tellurium  entirely 
firom  its  solution. 


H  thU  (\niA  h  eKjjosed  to  the  air,  a  sulphate  of  the  oxide  of  tellurium  is  fimned. 
--il.  and  Am,  de  CU,  *:t  de  Phys.  T.  XXXVII,  p.  188. 
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(j\)  Hudrated  oxide  of  tdlunum  is  thrown  down  by  alkalies^ 
from  (dl  the  add  $ohUian$;  they  and  their  carbonates,  and  all  acids 
rediBsolve  this  precipitate.  It  is  said  to 'form  ^ts,  both  widi  acids 
and  alkalies. 

ii.)  Alkaline  hydro-sulphurets  throw  down  a  black  powder. 
L)  Pnissiate  of  potassa  produces  no  effect  on  pure  telluric  solu- 
tions** 

(m.)  Tbcture  of  galls  gives  a  pale  yellowish  brown  precipitate. 

(fi.)  Tb,  muriate  of  tin,  antimony,  zinc,  iron,  and  phosphorus 
precipitate  metallic  telhtrium. 

(o.)  The  metal  inflames  in  chlorine  gas,  and,  by  the  addition  of 
water,  forms  a  white,  semi-transparent  compound,  composed,  accord- 
ing to  Sir  H.  Davy,  of  teDurium  lOO+chlorine  90.5. — H. 

VI.  PpLAAiTT — Electro  positive  ;  it  is  attracted  to  the  negative 
pole  of  the  galvanic  battery. 

Vn.   COKPOUNBS    OF   TELLUBIUM  AND   HYDROGEN. 

1.  Hydruret  of  Tellurium. — ^By  using  wires  of  tellurium  as  the 
means  of  communication  through  water,  between  the  poles  of  a  gal- 
vanic battery,  a  solid  compound  of  tellurium  and  hydrogen  is  pro- 
duced :  it  falls  in  the  form  of  a  brown  powder,  whose  properdes  ' 
have  not  been  investigated.  It  was  discovered  by  Ritcher,  in  1808, 
and  was  mentioned  at  p.  123,  of  this  work. 

2.  TeUuretted  Hydrogen.— Dlscowered  by  Sir  H.  Davy,  in  1809. 
An  aUov  of  tellurium  and  potassium  is  formed  by  ignitmg  a  mixture 
of  solid  hydrate  of  potassa,  charcoal,  and  tellurium,  and  to  diis  is 
added  dilute  sulphuric  acid.  A  peculiar  gas  is  obtained,  consisting 
of  tellurium  and  hydrogen. 

Properties. — ^luble  in  water,  forms  a  solution  of  the  color  of 
claret,  becoming  brown  by  exposure  to  the  air,  and  white  tellurium  is' 
deposited.  Smell  resembles  that  of  sulphuretted  hydrogen,  bums 
with  a  blue  flame,  depositing  oxide  of  tellurium.  It  fugitively  red- 
dens litmus  paper,  and  loses  this  property,  on  being  washed  with 
water.  It  unites  with  alkalies,  precipitates  the  greater  number  of 
metallic  solutions,  and  is  bstandy  decomposed  by  chlorine.  Com- 
position, according  to  BerzeUus,  100  metal,  and  nearly  2  hydrogen. 
Dr.  Thomson  calculates  its  sp.  gr.  at  2.2916. 

Vin.  EQUIVALENT  NX7MBER. — Accordiug  to  Bcrzclius,  that  of  the 
metal  is  32,  and  the  oxide  havmg  one  equivalent  of  oxygen,  b  of 
course  40 ;  but  it  is  observed  by  Dr.  Turner,  that  these  numbers, 
diflbring  considerably  from  those  of  Klaproth,  need  confirmation. 


*  The  flolutioofl  of  this  metal  in  acids  are  not  decomposed  by  pnissiate  of  potassa : 
gold,  platilMim,  iridium,  osmium,  rhodium,  and  antimony,  have  um  same  property. 
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Ek.  MitcciXAircout.— This  rare  metal,  hitherto  almost  peculiar 
to  Transylvania,  was  announced  by  me  ten  jears  since,*  as  probably 
existing  along  with  wolfram  and  ouier  ores  m  the  town  of  Monroe,f 
Conn.  The  evidence  by  chemical  trials  was  stated,  and  it  is  little  else, 
than  a  recapitulation  of  the  properties  of  tellurium  described  above. 
It  might  well  have  been  expected  that  this  intercFting  observation . 
should  have  been,  before  this,  either  confirmed  or  annulled  by  me ;  but 
the  shaft  has  not  been  wrought,  and  no  more  ofthe  specimens  have 
been  placed  in  my  possession.  As  the  mine  is  now  about  to  be  ex- 
plored, I  still  hope  to  have  it  in  my  power  to  establish  the  certainly. 

Sec.  XIX. — Ubakium. 

I.  DiscovKRT — ^Name. — ^By  Klaproth,  1789 ;  named  after  oupavo^^ 
the  heavens. 

n.  Natural  sources. — Obtained  from  its  ores,  viz. 

1.  Black  uranium  or  pechbUnde.% 
,  2.  Mieaeeout  uranium — green  oxide. 

3.  Vranitic  ochre. 

in.  Analysis. 

fa.)  The  pechblende  is  commonly  employed,  and  the  contami- 
nating substances  being  lead,  iron,  copper,  sulphur,  arsenic,  cobalt, 
sine,  and  silica  are  separated  as  follows. 

(ft.)  The  greater  part  of  the  ore  is  dissolved  by  digestion  with 
moderately  dilute  nitnc  or  nitro-muriatic  acid ;  wash,  dry,  and  ignite 
the  residuum ;  sulphur  is  burnt  off;  digest  with  dilute  nitric  acid — ^the 
residue  is  silica. 

(c.)  To  the  nitric  solutions  and  washings,  add  sulphate  of  soda  till 
precipitauon  ceases;  the  precipitate  is  sulphate  of  lead. 

{d.)  Decompose  the  remainmg  solution  at  a  boiling  heat  by  caustic 
fixed  alkali ;  digest  the  precipitate  in  caustic  ammonia,  till  the  copper 
is  removed ;  slighdy  supersaturate  this  solution  with  sulphuric  acid, 
and  obtain  metallic  copper  by  iron  or  zinc,  or  as  brown  oxide,  by  caus- 
tic fixed  alkali. 

(e.)  That  part  of  the  precipitate  not  taken  up  by  the  ammonia,  is 
2  or  3  times  digested  to  dryness  with  nitric  acid  ;  then  gently  digest- 


*  Am.  Jour.  Yol.  I,  p.  406. 

f  A  aaoi«  rince  imposed ;  llie  dkCanee  of  the  mine  from  New  Htven  ia  nearly  20 
mnetweec 

t  The  pUnet  Herechell  htd  been  juat  named  uranut,  from  the  Greek  ovpaMK, 
•od  in  allufion  Co  thla  name,  and  in  eompUance  with  the  old  alchemistieal  custom 
of  naming  the  metali  after  Oie  planeta,  Mr.  Klaproth  denominated  this  metal  uranite, 
•tfirrt*  «nd  afterwards  uromum.  ' 

{  Tbto  fa  ^.  ""^^  fo«nd  in  Saxooy,  about  which  very  discordant  opinions  were 
entertained,  till  Klaproth  examined  it  in  ITSS,  and  found  it  to  cou^st  of  sulphur  and 
a  new  meial. 
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ed  in  dilute  nitric  acid  which  takes  up  the  uranium  and  leaves  the  iron 
oxide  behind. 

(/.)  This  nitrate  of  uranium  being  boiled  with  caustic  fixed  alkali, 
a  pure  yellow  oxide  of  uranium  is  precipitated. 

rV.  Rbbuction. 

1.  Process. 

(a.)  50  grs.  of  pure  yellow  oxide  were^  (bjr  Klaproth),  made  up 
into  a  ball  with  wax^  and  placed  in  a  crucible  lined  with  charcoal  and 
exposed  for  some  hours  to  the  action  of  a  porcelain  furnace^  whose 
heat  was  estimated  at  170^  W. ;  a  metallic  button  of  28  grs.  was  ob* 
tained.* 

(ft.)  Affwedson  exposed  the  heated  protoxide  to  the  contact  ofhy^ 
drogen  gas  in  a  glass  bulb  ;  the  matter  became  ignited,  and  the  green 
color  changed  to  reddish  brown,  with  a  crystalline  structure  and  a. 
metallic  lustre,  and  was  regarded  as  metalUc  uranium. 

2.  Proccs^.-^Sulphuretted  hydrogen  gas  is  passed  through  the 
neutral  nitric  solution,  which  precipitates  the  copper  and  lead ;  the  ex- 
cess of  sulphuretted  hydrogen  is  expelled  by  heat ;  the  solution  is  de- 
composed by  caustic  ammonia,  and  the  precipitate  digested  in  strong 
carbonate  of  ammonia,  which  gires  a  lemon  yellow  solution ;  this  solu- 
tion, after  a  few  days,  deposits  fine  yellow  prisms,  consisting  of  uranium, 
carbonic  acid,  and  ammonia,  which,  by  ignidon,  are  converted  into 
protoxide  ;f  or,  the  nitric  solution  may  be  set  by  to  afibrd  crystals  of 
nitrate  of  uranium.} 

The  uranium  would  be  more  easily  obtained  from  the  uran  ochre, 
but  this  ore  is  so  rare  that  it  is  hardly  attainable  for  experiments. 

V.  The  metal. 

(a.)  As  obtained  by  Klaprotfa,  it  was  of  an  iron  gray  color  and 
metallic  lustre^  composed  of  hard  minute  grains^  firmly  adhering  to 
one  another.  Sp.gr.  8.1.  Internally,  it  is  reddish  brown  ;  Bucholz. 
obtained  it  of  sp.  gr.  9. ;  on  being  filed  or  rubbed  with  another  hard 
body,  the  metallic  lustre  becomes  iron  cray ;  fusion  very  difficult. 

(6.)  It  suffers  no  chaise  under  the  blowpipe  on  charcoal^  but  it  is 
said^  that  when  heated  to  redness  in  an  open  crucible,  it  undergoes 
a  kind  of  combustion,  becoming  a  grayish  black  powder  containing 
about  .5  oxygen  ;  thai  obtained  by  hydrogen^  on  being  heated j  takes 
fire,  swells  J  and  is  reconverted  into  green  oxide. 

(c.)  According  to  Bucholz,  it  assumes  shades  of  gray,  violet,^ 
brown,  green,  orange  and  yellow,  according  to  the  degree  of  oxidize-, 
ment. 


*  See  Th^nard,  5th  Ed.  Vol.  Ill,  for  the  process  with  the  ereuset  brasqu^,  viz.  a 
crucible,  lined  with  a  mixture  of  powdered  charcoal  and  moistened  clay. 

\  Thomson's  First  Prin.  Vol.  II,  p.  2. 

t  A  more  complicated  process  was  practised  by  Arfwedson;  see  Ann.  Phil.  N.S- 
Vol.  VII,  p.  254,  and  Henry,  iiUi  Ed.  Vol.  11,  p.  89. 

§  Nich.  Diet.  Art.  Uranium. 
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{d.^  According  to  Klaproth,  there  are  two  oxidee;  the  fellow  in- 
peroxide  already  mentioned,  and  the  black  or  protoxidej  obtained  bjr 
heating  the  yeDow  oxide  with  oil  and  bummg  it  ofi^  from  a  test. 

(e.)  In  general,  the  yellow  oxide  is  obtained  by  the  action  of  the 
ocub,  (especially  nitric  and  nitro-muriatic,)  on  the  oreij  pure  cdkaUes 
being  used  for  the  precipitation. 

It  appears  from  the  more  recent  researches  of  Arfwedson  and 
Thomson,*  that  the  protoxide  it  obtained  by  heating  the  nitrate  cfthe 
peroxide  or  the  per-carbonate,  when  it  b  obtained  of  a  dirty  green ; 
out  it  becomes  a  black  mass  with  the  particles  coherent,  provid^  it  be 
ignited,  after  re-solution  in  an  acid,  and  precipitation  by  anmionia.  It 
is  infusible,  produces  green  salts  with  the  acids ;  with  the  nitric  passes 
to  the  condition  of  peroxide,  and  when  redissolved  forms  a  ydlow  so- 
lution. 

TlieperoxideityeBoWf  and  forms  sake  of  the  tame  color  ;  ituoites 
both  with  acids  and  bases ;  from  its  soludon  in  acids,  it  is  [Mrecipitated 
by  pure  alkalies  m  the  form  of  a  yellow  hydrate. 

Accordmg  to  Dr.  Thomson,  the  number  208  represents  metallic 
uranidm,  and  the  protoxide  is  composed  of  metal  208  +  oxygen 
83s216  ;t  the  deutoxide  consists  of  metal  208  +  oxygen  16s=224. 

(y.)  JSItirie  add  it  the  only  one  that  acts  on  this  metal ;  nitric  ox- 
ide gas  isaLvea  out,  and  the  metal  is  dissolved. 

(g.)  Tne  yellow  oxide  is  readily  soluble  in  adds. — Sulphuric  acid, 
diluted  and  digested  on  it,  gives  a  solution  that  affords,  by  evapora* 
ti(Mi,  minute  lemon  yellow  prisms. 

(A.)  Diluted  nitric  add  readily  dissolves  this  metal,  and  the  evap- 
orated solution  affi)rds  large  light  green  crystals  in  hexagonal  tables. 

(i.)  Muriatic  add  gives  rhomboidal  tames  of  a  greenish  yellow. 

\j.^  Phosphoric  ac%d  dissolves  itj  and  the  solution,  after  some  time, 
depostts  pale  yellow  flocculif  little  soluble  in  water ;  they  are  phos- 
phate or  sub-phosphate. 

{k.)  Concentrated  acetic  add,  by  digestion  and  evaporation,  gives 
dear  topaz  yellow  crystals — tetrahedral  prisms  termmated  by  tetra- 
hedral  pyramids. 

(I.)  Caustic  alkali  throws  down  a  lemon  yeUow  oxide  from  all 
these  solutions. 

{m.)  Carbonated  alkali  gives  a  predpitate  which  is  yellowish 
whUSj  and  is  pardy  re-soluble  in  an  excess  of  mild  alkali ;  pure  alkalies 
do  not  redissolve  the  oxide,  but,  after  some  time,  change  it  to  brown. 

(fi.)  Prussiate  of  potassa  gives  a  copious  brown  red  predpitate, 
like  kermes  mineral. 

(o.)  Hydro-wlphuret  of  ammonia  causes  a  brownish  yellow  pre- 
dpitate. 

•  Ann.  of  PhiL  N.  S.  Vol.  VII,  and  First  Prin.  Vol.  II. 

t  ArfiredflOD  places  uranium  at  216,  and  the  oxygen  in.  the  two  oiddes  at  1  and  1*2. 
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(p.)  Tincture  cr  infimon  of  galU  gives  one  of  a  copious  hrounij 
qparing  at  first,  but  abundant  after  tte  addition  of  an  allotli. 

Jq.)  The  solutbns  are  not  ahered  by  iron  or  zmc  or  other  metals, 
r.j  The  yellow  oxide,  by  heat,  combines  with  sulphur  mto  a  mass 
of  a  deep  brown,  from  which  most  of  the  sulphur  is  again  expelled 
by  an  increased  heat 

(sA  Nothing  is  known  of  the  aUoys  of  uraniiim. 

(L)  Its  oxide  combines  with  vitrifiaUe  matters,  and  imparts  a  brown 
or  green  color.* 

(ti.)  It  strikes  an  orange  yellow  color,  with  the  usual  flux  for  por- 
celain, and  has  been  employed  in  that  manufacture. 

VI.  PouLRin. — Probably  like  that  of  the  other  metals;  I  am 
not  aware  that  it  has  been  su^ected  to  the  battery. 

Vn.  Miscellaneous. — lue  uran  mica  appears  from  the  exper 
riments  of  Mr.  R.  Phillips,  to  consist  of  phosphoric  acid  and  peroxide 
of  uranium  73,  pho^hate  of  copper  f  2,  and  water  14,  (Henry,)  and 
Berzelius  found  similar  ingredients  in  the  yellow,  substituting  phos* 
phate  of  lime  for  phosphate  of  copper.  A  native  proto-sulphate  of 
uranium,  in  green  crystals,  has  been  discovered  by  Dr.  John,  and 
sulnpersulphate,  mvesting  some  mmerals  with  an  intense  yeUow  coat* 

Sec.  XX. — Tungsten. 

I.  DiicovERT. — ^First  mdicated  by  Scheele ;  fully  distingmshed 
by  the  D'Elhuyarts.  J 

1.  Its  ores  are,  1.  Tungsten  or  tungstate  of  Kme.  2.  Yellow  ox- 
ide of  tungsten.    3.  Wolfram  or  tungstate  of  iron  and  manganese. 

n.  Processes. 

1.  The  calcareous  sub^edes. 
.  (a.)  Digest  the  pulverized  mineral  in  3  parts  of  moderately  strong 
nitric  acid ;  a  part  is  dissolved  and  the  remainder  becomes  of  a  yel- 
low color ;  decant  the  acid  solution ;  wash  the  residue  and  digest  it 
in  liquid  ammonia ;  a  portion  is  taken  up,  and  the  remainder  becomes 
white ;  proceed,  thus  alternately,  with  nitric  acid  and  ammonia,  till 
generally  nothing  remains  but  a  little  silica. 


«  See  Aikin,  Vol.  II,  p.  465.  t  Heniy,  11th  Ed. 

t  In  a  heavy  Swedish  mmeral,  of  a  dull  white  color,  called  tungsten,  in  allusion  to 
its  weiffht ;  in  this,  Mr.  Scheele,  in  1787,  discovered  what  he  supposed  to  be  a  pecul- 
iar add  combined  with  lime;  he  called  it  the  tungstic  acid. 

By  fhe  Messrs.  D'Elhuyarts  of  Spain,  the  same  substance  was  afterwards  fimnd 
combined  with  iron,  manganese,  and  tin,  in  a  dark  colored  mineral  called  wolfram, 
which  has  since  been  found  in  Cornwall,  and  several  other  countries.  From  the 
tungstic  acid,  the  D'Elhuyarts,  by  the  aid  of  ignited  charcoal,  obtained  a  new  metal. 

In  the  United  States,  all  the  ores  of  tungsten  are  found  at  Monroe,  Conn. 
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(6.)  To  the  nitric  solution,  add  liquid  caustic  ammonia,  to  sepa- 
rate oxide  of  iron  and  oxide  of  manganese ;  receive  them  on  the  fil- 
ter ;  carbonate  of  soda  added  to  the  solution,  precipitates  the  lime  as 
carbonate,  and  its  proportion  may  be  ascertained  in  the  usual  manner. 

(c.)  The  solution  is  now  oxide  of  tungsten  in  ammonia ;  it  is  to 
be  evaporated  to  dryness  and  ignited  gendy  in  a  crucible ;  the  am- 
monia is  expelled,  and  yellow  oxide  of  tungsten  remains. 

(d.)  Or,  fuse  tungstate  of  lime,  one  part,  with  carbonate  of  potassa, 
four  parts,  dissolve  in  boiling  water,  twelve  parts,  and  precipitate  the 
Cungstic  oxide  by  nitric  acid. 

2.  YeUatv  oxide  of  tungsten,* 

.  Thb  is  easily  separated  by  liquid  caustic  ammonia,  firom  the  mat- 
ters to  which  it  adheres,  and  the  expulsion  of  the  ammonia  by  heat, 
leaves  the  oxide  pure. 

3.  Wolfram. 

(a.)  Treat  the  pulverized  ore,  alternate^,  vfHh  nitro-muriatic  acid 
«na  ammonia,  till  nothing  but  a  few  grs.  of  quartz  remain. 

(6.)  The  solution  contains  oxides  of  iron  and  manganese ;  it  is 
mixed  with.perfecdy  neutralized  carbonate  of  potassa,  till  the  liquor 
begins  lo  grow  turbid ;  on  bemg  gendy  boiled,  for  a  minute  or  two, 
a  copious  precipitate  of  oxide  of  iron  takes  place  ;  the  clear  liquor, 
bemg  neutralized  with  carbonate  of  potassa,  deposits  a  cream  colored 
precipitate  of  carbonated  manganese,  with  a  little  oxide  of  iron.f 
'  (c.)  The  ammoniacal  soludon  contains  the  oxide  of  tungstQp,  which 
is  obtamed  as  abready  described.  | 

(d.)  Or,  fuse  wolfiram,  1  part,  with  nitrate  of  potassa  3,  and  car- 
bonate of  potassa  2 ;  dissolve  m  boiling  water,  and  precipitate  by  nitric 
acid.^ 

(e.)  Or,  fuse  powdered  wolfiram  and  2  parts  of  carbonate  of  po- 
tassa ;  tungstate  of  potassa  is  formed,  and  with  the  addition  of  half 
its  weight  of  muriate  of  ammonia,  is  dissolved  in  hot  water.  Tung- 
state of  ammonia  and  muriate  of  potassa  are  formed.  By  desicca- 
tion and  fusion,  the  muriate  of  ammonia  is  decomposed  and  expelled, 
and  by  solution  in  water,  the  black  oxide  of  tungsten  is  separated. 
This  is  boiled  with  a  weak  solution  of  potassa  and  washed  with  dis- 
tilled water. 

This  oxide,  when  heated  in  an  open  crucible,  enters  into  combus- 
tion and  becomes  yeUow  tungstic  acid.|| 


*  This  was  first  observed  by  me,  among  the  ores  from  Monroe,  Connecticut,  where 
It  is  found  hi  both  the  pulverulent  and  massive  form.    Am.  Jour.  Vol.  IV,  pp.  62, 187. 

t  For  the  mode  of  separating  which,  see  Alkin*s  Diet.  Art  Manganese. 

t  See  some  remarks  by  the  Aikins  on  these  analyses  and  their  own ;  Diet  Vol. 
II,  p.  444. 

§  For  other  methods  of  forming  tungstic  oxide,  see  Thomson's  A&nals,  VI,  p.  196. 

II  Henry,  and  Ann.  de  Chim.  et  dePhys.  Vol.  XXIX. 
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III.  Reduction. 

(a.)  100  grs.  of  the  yellow  oxide,  being  placed  in  a  crucible  lined 
with  charcoal,  and  a  strong  heat  applied  for  an  hour  and  a  half,  pro- 
duced a  friable  congeries  of  metallic  globules,  of  the  color  and  lustre 
of  steel;  weight  60  grains. 

(b,)  The  yellow  oxide,  being  mixed  with  oil,  and  heated  two  hours 
in  the  violent  heat  of  a  forge  furnace,  a  darkish  gray  mass  was  ob- 
tained, consisting  of  a  number  of  small  metallic  globules. 

(c.)  The  oxide,  mixed  widi  oil  and  boracic  acid,  was  heated  aa 
before,  and  gave  a  porous  mass  of  a  grayish  white  color ;  the  cavities 
were  lined  with  minute  brilliant  crystals. 

(d.)  240  grs.  of  crystallized  tungstate  of  ammonia,  being  healed 
for  two  hours  in  a  charcoal  crucible,  by  a  powerful  wind  furnace^  a 
slightly  cohering  mass  was  obtained,  weighing  161  grs.  and  consist- 
ing of  roundish  bodies  about  as  large  as  a  pin's  head,  with  a  very 
brilliant  metallic  lustre.* 

rV.  The  metal. 

(a.)  ColoTj  light  steel  gray;  hstre^  brilliant  and  metaBie;  m  minute 
grams,  iroperfecdy  agglutinated,  brittle,  hard,  scarcely  yields  to  the 
file;  not  magnetic. 

(b.)  Sp.  gr.  17.6,  (Elhuyarts)  ;  17.33,  (Aikm)  ;  17.22,  (Allen 
ana  jAokin)  ;  17.4,  (Bucholz)  ;  average  17.39,  the  heaviest  substance 
known,  except  iridium,  gold  and  platinum. 

(c.)  Almost  infusible^  (requiring  at  least  170°  of  W.);  tarnished 
by  heat  and  air,  while  an  oxide  is  formed ;  oxygen  gas,  on  charcoal, 
causes  it  to  bum  with  a  yellow  flame,  and  it  is  volatilized  in  a  thick 
yapor  of  yellow  oxide. 

{d.)  If  toe  include  the  tungstie  acid,  there  are  two  oxides  oftung^ 
steny  the  yellow  and  theHf^  or  dark  brown  ;  when  the  blue  oxide  is 
heated,  it  burns  like  tindei^^eing  converted  into  the  yeUow  oxide^ 
which  is  the  same  that  has  been  catted  tungstie  add.  This  last  is  stated 
by  Bucholz,  to  be  composed  of  oxygen  24,  and  metal  96  ;  this  lat- 
ter number  being  the  equivalent  of  the  metal,  and  united  with  3 
proportions  of  oxygen  24=120,  the  nimiber  for  the  acid.  Dr. 
Thomson  considers  126  to  be  the  equivalent  of  tungsten,  and  with 
three  proportions  of  oxygen,. the  oxide  would  correspond  to  160.  By 
others,  120  is  assumed  as  the  equivalent  of  tungsten.  The  brown 
oxide  is  supposed  to  be  composed  of  tungsten  96,  and  2  equivalents 
of  oxygen  16=112. 


•  See  Nich.  Jour.  4to.  Vol.  IV,  p.  191. 

t  Its  reduction  10  not  so  difficult  as  that  of  several  metals,  but  its  extreme  infuri- 
bility  prevents  our  obtaining  it  in  considerable  masses. 
t  See  Aikin's  Diet.  Vol.  If,  p.  445. 
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{e.)  7!&€  metal  is  not  dissolved  by  svlphuric,  nitric  or  muriatic 
addj  nwr  even  by  boiling  nitro-muriatic.* 

(/.)  According  to  Wohler,f  there  are  three  chlorides  of  tungsten; 
the  trito-chloride  or  per-chloride,  of  a  white  color,  prepared  by  heat- 
ing black  oxide  of  tungsten  in  chlorine  gas  ;|  water  resolTes  it  into 
tungstic  and  tnuriadc  acids ; — the  bi-chloride,  obtained  by  heating  the 
roetal  in  chbrine ;  it  takes  fire  and  produces  delicate  needles  of  a 
red  color ;— <and  a  third  compound,  formed  along  with  the  bi-chloride ; 
h  is  of  a  fine  red  color,  fusible  and  Tolatile. — Murray. 

{g.)  The  tungstic  acid^  as  it  has  been  called,  is  obtained  by  diges^ 
ing  muriatic  or  nitric  add  on  the  ore  ;  adding  ammonia  to  the  resi- 
duum, and  then  neutralizing  the  alkali  with  nitric  acid  ^  a  white  pow- 
der is  thus  obtained ;  it  is  sour,  reddening  litmus ;  soluble  in  20  parts  of 
boiling  water,  and  forms  crystallizable  compounds  with  alkalies. 

(A.)  It  is  a  triple  compound  of  oxide  oftungsieny  and  of  the  acid 
ana  alkali  employed  in  the  operation  ;  if  it  is  boiled  in  a  concentrated 
acid,  it  becomes  yellow  oxide  of  tungsten. 

(«.)  This  oxide  has  strictly  but  one  add  property  ;  it  is  insoluble, 
tasteless,  and  without  effect  on  vegetable  blues ;  but  it  combines  with 
the  alkalies,  as  many  other  oxides  do. 

(y.)  The  yellow  oxide  is  obtained  by  heating  the.  Vfhite  powder 
wientioned  under  (g.) ;  by  digesting  woliram  in  nitric  acid  ;  dissolving 
the  yellow  remaining  powder  in  ammonia ;  evaporating  to  dryness 
and  expelling  the  ammonia  by  heat ;  also  by  fusing  2  parts  of  wol- 
fram wMi  3  of  nitre ;  by  digestion  in  hot  water,  the  potassa  is  com- 
bined with  oxide  of  tungsten  and  oxide  of  manganese  ;  the  latter  is 
precipitated  by  exposure  to  the  air  for  a  few  days ;  the  clear  liquor, 
evaporated  to  dryness,  is  digested  with  3  or  4  successive  portions  of 
mtnc  acid  ;  the  yellow  oxide  remains  behind,  perhaps  combined  with 
a  Ktde  alkali. 

(&.)  Yellow  oonde^  in  a  platinum  spoon,  acquires  a  deep  green 
color  under  the  bloujpipe  ;  and 

(2.)  On  charcoal,  becomes  bluish  black ; — dark  colored  when 
heated  in  a  close  crucible. 

(m. )  The  yellow  oxide,  digested  with  dilute  muriate  of  tin,  acquires 
a  deep  blue  color  ;  the  color  is  restored  by  warm  dilute  nitric  acid, 
nitrous  gas  being  given  out ;  the  blue  is  then  a  sub-oxide. 

*  The  Aikinsiay,  (Vol.  II,  p.  445,  Diet.)  that  whea  a  few  drops  of  nitric  acid  are 
added,  aitroas  gas  is  liberated,  and  some  of  the  roetal  is  dissolved,  and  in  part,  difliised 
in  the  liquor  as  yellow  oxide ;  the  solution  is  not  disturbed  by  water ;  prussiate  of 
potassa  gives  a  deep  green ;  caustic  potassa  an  olive  brown,  and  the  color  is  again  re- 
stored by  a  few  drops  of  nitric  acid.  t  Ann.  de  Chim.  et  de  Phys.  XXIX,  43. 

X  There  are  appearances  of  combustion. 

§  This  simple  but  beautiful  process,  I  have  often  performed  upon  both  the  calca- 
reous and  ferruginous  tungsten  of  this  vicinity ;  the  other  metals,  iron,  manganese, 
&.C.  are  dissolved,  and  the  tungstic  oxide  i^  left  untouched,  and  is  promptly  dissolved 
by  the  ammonia. 
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(».)  The  yeUaw  oxide  is  insoluble  in  adds^  even  whea  boSoig ; 
insoluble  also  m  water  ;  but,  by  rubbmg  with  that  fluid  in  a  mortar, 
an  emulsion  is  formed. 

(o.)  The  yeUoto  oxide  isj  by  digestion  with  ac^ic  add,  converted 
into  the  blue  oxide,  but  is  not  dissolved. 

(p.)  The  salts  usually  called  tutigstates,  but  which  are  really  com- 
pounds of  oxide  of  tungsten  and  an  alkali,  are  formed  thus. 

(q.)  Caustic  potash,  either  by  boiling  or  fusion,  takes  up  the  yd- 
low  oxide  and  forms  a  compound  with  excess  of  alkali;  it  b  readily 
soluble,  and  by  evaporation,  affords  a  glittering  powder ;  taste  caustic 
and  metallic ;  deliquescent. 

(r.)  This  solution,  supersaturated  with  nitric  add,  throws  down 
the  white  powder  mentioned  under  {g.) ;  boiled  with  lime  water,  it 
deposits  a  heavy  powder  like  tungstate  of  lime ;  boiled  with  filings 
of  zinc,  tin  or  iron,  the  liquor  becomes  deep  blue  and  affords*  a 
similar  precipitate. 

{s.\  Sulphuric  add,  boiled  on  this  white  powder,  changes  it  to  blue, 
ana  tne  nitric  and  muriatic  to  yellow. 

{t.)  Remove  the  precipitate  which  lime  water  forms  in  the  solu- 
tion of  this  white  powder,  and  the  remaining  liquor  affords,  on  evap- 
oration, crystals  of  nitre. 

(u.)  The  compound  ofpotassa  with  oxide  of  tungsten  is  decompo- 
sable by  all  adds,  and  the  predpitate  is  always  composed  of  the  oxide, 
of  the  attcali,  and  add, 

(v.)  Yellow  oxide  of  tungsten,  digested  with  carbonated  alkali,  cau- 
ses effervescence,  and  a  compound  similar  to  the  above  is  obtained. 

(w.)  With  soda,  it  gives  crystals,  which  are  long  hexahedral  plates ; 
taste  acrid,  metallic  and  alkaline ;  soluble  in  4  parts  of  cold  and  2  of 
hot  water ;  decomposed  by  acids ;  phosphoric  acid  however  gives  no 
precipitate,  but  forms  a  very  soluble  ternary  compound,  not  decom- 
posed by  sulphuric  acid. 

{xJ)  Ammonia  readily  unites  with  the  yellow  oxide;  the  com- 
pouno,  after  evaporation,  crystallizes  from  its  solution,  in  shining  plates, 
like  boracic  acid,  or  in  slender  prisms  ;  color,  pale  yellowish  brown ; 
taste,  metallic ;  soluble,  but  not  deliquescent ;  die  alkali,  when  expel- 
led by  a  red  heat,  leaves  a  yellow  or  blue  oxide,  according  as  the 
operation  was  performed  in  an  open  crucible,  br  in  a  retort. 

(y.)  It  is  asserted  by  Morveau,f  that  the  triple  acidulous  tungstate, 
with  infusions  of  turmeric  and  turnsol,  forms  colored  lakes  of  great 
fixity.f 

iz.)  No  union  with  sulphur ;  alloys  not  known. 
^oLARiTY. — Supposed  to  be  like  that  of  the  other  metals. 

*  This  fact  occurs  with  aU  the  triple  saltj  of  this  oxide,  if  a  feiv  drops  of  muriatic 
acid  are  added.  t  Add.  do  Chim.  Vol.  XXX^  p.  123. 

%  The  Aikins  say  they  have  not  answered  well  in  England. 
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jRemari.— The  neutral  tungstate  of  soda  is  unaltered  by  ignition  in 
hydrogen  gas ;  the  acid  tungstate  is  converted  into  a  compound  of 
soda  and  oxide  of  tungsten  which,  when  washed  by  water,  becomes 
yellow  like  gold,  and  can  be  obtained,  crystallized  in  cubes ;  the  tung- 
Stic  acid,  still  retaining  some  alkali,  affords  metallic  tungsten,  when 
)ieated  in  contact  with  hydrogen  gas. 

For  a  notice  of  American  ores  of  tungsten,  see  Am.  Jour.  Vol.  I. 
The  calcareous  tungsten,  and  the  wolfram  exist,  in  considerable  abund- 
ance at  Monroe,  Conn,  and  the  wolfram  takes  on  the  form  of  the  oc- 
tahedron of  the  calcareous  tungsten.  Mr.  C.  U.  Shepard  thinks  that 
these  crystak  are  pseudomorphous,  having  copied  the  moulds  of  the 
other  species. 

The  new  species,  which  I  observed  some  years  since,  the  oxide  of 
tungsten,  b  not  abundant ;  but  it  occurs,  here  and  there,  mixed  with 
the  other  ores,  and  is  found  both  pulverulent  and  massive.* 

Sec.  XXI.-**Manganese. 

I.  Its  common  form. 

1.  The  black  oxide  of  this  metal  is  familiarly  known,  and  it  is  from 
this  that  the  metal  is  extracted. 

2.  To  obtain  a  pure  oxide  of  manganese  from  the  natural  ore  (which 
often  contains  carbonate  of  lime,  and  oxide  of  iron,  besides  copper 
and  lead,  and  sometimes  barytic  minerals,)  Mr.  Faraday  heats  the 
black  oxide  in  excess,  with  muriate  of  ammonia,  projecting  them, 
in  separate  portions,  into  an  ignited  crucible  ;  chlorine  is  of  course 
evolved,  and  unites  with  the  manganese  in  preference  to  any  other 
substance,  so  that  the  chloride  or  muriate  is  pure,  and  being  dissolved 
out  by  water,  is  decomposed  by  carbonate  of  potassa,  and  carbonate  of 
manganese  is  thus  obtained,f  which,  by  ignition,  gives  pure  oxide  of 
manganese.  Or,  according  to  Mr.  Hatchett,  dissolve  the  black  ox- 
ide of  manganese  in  muriatic  acid,  and  to  the  solution  largely  diluted, 
add  ammonia  ;  the  oxide  of  iron  is  precipitated,  and  by  evaporation, 
and  headng  the  residuum,  to  expel  the  muriate  of  ammonia,  a  pure 
oxide  is  left  ;t 

3.  Or,  the  brown  oxide,  left  after  oxygen  gas  has  been  obtained  by 
the  common  process,  is  heated  to  whiteness  for  half  an  hour,  in  a  cov- 
ered crucible,  with  one  sixth  of  charcoal  powder ;  it  thus  becomes  a 
protoxide  and  is  then  dissolved  in  muriatic  acid ;  afterwards  it  is 
desiccated,  fused  and  ignited,  for  a  quarter  of  an  hour,  m  seclusion 

*  I  have  been  the  more  particular  upon  the  ores  of  tunj^sten,  because  they  occur 
in  oonriderable  abundance  at  Monroe,  in  this  vicinity  ;  and  I  am  informed  by  Prof. 
Torrey,  Uiat  Wolfram  has  been  found  at  the  Cobalt  mine,  in  Chatham,  Conn. 
'    t  Engr.  Quar.  Jour.  Vol.  VI,  p.  853. 

tDr.  Torrey  sUll  found  iron,  after  using  Mr.  Faraday's  process. 
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from  the  air.*  The  resuhbg  muriate  or  chloride,  after  solutioD  in 
distilled  water  and  filtratioD,  contains  no  impurity  except  a  little  lime, 
which  is  removed  by  oxalate  of  potassa.  Bi-carbonate  of  potassa  or 
soda,  being  added  to  the  solution,  carbonate  of  manganese  is  precipi- 
tated ;  it  is  edulcorated  and  laid  on  a  filter ;  the  upper  layer  being 
rendered  a  litde  brown  by  the  air,  is  removed,  and  the  remaining 
white  carbonate  is  kept  in  a  vacuum  along  with  sulphuric  acid, 
until  it  is  entirely  dry ;  its  solution  in  sulphuric  acid  will  then  be 
colorless,  and  all  the  salts  of  manganese  may  be  prepared  from  it.f 

3.  Native  black  oxide  of  manganese  is  usually  employed  in 
chemical  experiments. 

(a.)  By  tgnitiorij  it  gives  abundance  of  oxygen  gasj  and  becomes 
light  brown.  The  experiment  may  be  tried  m  a  forge  with  a  gun 
barrel. 

(&.)  It  has  been  asserted  that  the  brown  oxide,  by  long  exposure 
to  the  air,  reabsorbs  its  oxygen.| 

(c.)  Ignited  ivith  charcoal,  it  gives  gaseous  oxide  of  carbon  and  car- 
bonic acid. 

{d.)  Beautiful  phenomena  are  exhibited ,  by  its  fusion  in  ihefollouh 
ing  fnanTier,  as  I  have  many  times  seen  with  admiration. 

If  the  black  oxide  of  manganese  be  heated  on  charcoal  with  the 
blowpipe,<^  and  if  a  small  piece  of  microcosmic  salt,  (phosphate  of 
soda  and  ammonia,)  or  borax  be  added,  a  "  bluish  red  pellucid  glass" 
is  formed,  provided  the  interior  blue  flame  of  the  blowpipe  be  direct- 
ed upon  it  for  a  few  moments ;  if  the  quantity  of  manganese  be  in- 
creased, the  glass  becomes  of  a  rich  red.  Let  it  be  again  fused,  but 
for  a  longer  time,  much  gas  will  escape,  and  we  shall  find  the  tinge 
totally  destroyed.  This  is  owing  to  the  disoxigenation  of  the  oxide, 
by  the  charcoal,  assisted  by  heat ;  if  this  now  colorless  globule,  be 
softened  by  the  exterior  flame,  the  color  quickly  returns,  and  may 
again  be  discharged  by  continued  fusion  ;  this  is  owing  to  the  reab- 
sorpUon  of  oxygen  from  the  air  by  the  aid  of  a  milder  heat.  The 
smallest  particle  of  nitre,  added  to  the  colorless  globule,  will  restore  the 
color,  because  it  imparts  oxygen. 

II.  Reduction. 

(a.)  Make  a  paste  of  the  powdered  black  oxide,  (or  better  of  the 
purified  oxide,)  and  lamp  oil  and  charcoal,  or  pitch  ;  form  it  into  a 
ball ;  place  it  in  a  black  lead  crucible  well  lined  with  charcoal,  and 


*  The  chlorides  of  iron,  calcium,  &c.  are  thus  decomposed.  It  is  now  fully  ascer- 
tained Uiat  muriate  of  lime  is  not  unfrequently  present  in  common  blacic  oxide  of 
manganese,  and  that  tliis  is  the  source  of  the  chlorine  which  has  been  repeatedly  ob- 
served when  the  oxide  is  decomposed  by  sulphuric  acid.    . 

t  Dr.  Turner,  2d  Ed.  p.  447. 

t  Thu  is  a  mistalEe  according  to  Thomson  and  Ailcin,  (Vol.  II,  p.  64,)  and  accord- 
ing to  my  own  experience. 

I  Berg.  II,  208. 
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heat  iifor  three  fourths  of  an  hour  or  more,  in  a  powerful  air  fur* 
nace. 

(6.)  Or,  the  carbonate  thrown  down  from  the  nitric,  or  other  acid 
eolation,  may  be  treated  in  the  $ame  manner.*  Mr.  Faraday  obtained 
it  by  simply  heating  the  tartrate  alone,  and  by  passing  hydrogen  gas 
over  the  heated  oxide. 

III.  The  metal. 

(a.)  CoUn-j  grayish  white  with  some  brilliancy  ;  fracture  granular 
ted  ;  hard  as  iron. 

Sp.  gr.  6.850  to  7  ;  according  to  John  8. ;  brittle;  does  not 
Selow  160^  W. ;  a  slight  attraction  of  the  powder  by  the  mag- 
net is  owing  to  iron. 

(c.)  Tarnishes  rapidly  in  the  airy  and  changes  to  gray,  yellow^ 
redy  brown  and  black  ;  more  rapidly  if  heated  in  the  air ;  becomes 
even  incandescent,  according  to  Black  and  Scheele. 

{d.)  Pour  a  white  or  lieht  colored  oxide  into  a  bottle  of  oxygen 
gas,  and  it  soon  becomes  black, 

le.)  Decomposes  water  rapidly,  evolving  heat. 

With  diluted  sulphuric  acid,  aided  by  heat,  it  gives  hydrogen 


(*0 

mdt  bci 


With  nitric  add,  nitrous  gas  ;  with  the  muriatic,  hydrogen. 
Chlorine  inflames  the  metaL 

dumber  and  coTistitution  of  the  oxides  of  manganese. 
Some  of  the  most  eminent  chemists  have  investigated  the  oxides 
of  manganese,  but  their  opinions  have  not  been  entirely  coincident, 
and  it  is  not  yet  absolutely  agreed  how  many  oxides  of  this  metal 
are  to  be  admitted.  There  are  certainly  three  ;  and  some  swell  the 
number  to  five ;  without  including  the  two  acids  of  which  manganese 
is  supposed  to  be  the  basis.     My  own  experience  has  made  me  ac- 

Suainted  only  with  the  hydrated  white,  or  protoxide  ;  the  brown  or 
eutoxide ;  the  black  or  peroxide ;  and  with  the  combination,  (the 
chameleon  mineral)  in  which  is  found  the  acid,  now  called  the  man- 
ganesic  acid,  but  which  was  formerly  supposed  to  be  an  oxide  of 
manganese,  dissolved  by  an  alkali,  and  which,  when  in  solution, 
easily  changes  its  proportions  of  oxygen. 

The  history  of  the  researches  and  opinions  oil  this  subject,  involves 
more  detail  than  is  consistent  with  the  nature  of  this  work,  and  it 
possesses  little  interest,  except  in  relation  to  chemical  theory. 

For  a  statement  of  the  facts  and  reasoning,  I  therefore  refer  to  Dr. 
Henry's  Chemistry,  Vol.  II,  p.  3,  11th  Ed.f  and  to  Dr.  Turner's 


*  See  Aikin,  11,  61,  for  other  particulars. 

t  AuUiorities quoted,  LXX XVII  Ann.  de  Chim.  149 ;  Ann.  de  Chim.  et  de  Phys. 
1,39;  Vol.  V,  160;  Vol.  VI.  304,  XX  ;  Phil.  TraM.  Edin.  1828;  Phil.  Mag. 
July,  1828. 
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2d  Ed.  p.  444 ;  and  shall  ^ve  only  the  conclusions  expressed  in  the 
following  table ;  but  the  most  mteresting  facts  will  appear,  in  giving 
the  histmy  of  the  salts  of  manganese. 

Suboxide, 
Protoxide,  (green,) 
Deutoxide,  (brown,) 

Pero2dr''''l("^''^'^   100  67.144         28       16         44 

Red  oxide,  100  38.000         28       10.6 

It  will  be  observed  that,  excepting  in  the  red  oxide,  the  oxf^m  i$ 
in  regular  arithmetical  proportion^  provided  we  admit  a  suboxide  ;  if 
not,  then,  there  appears  to  be  a  half  proportion  of  oxygen  between 
the  protoxide  and  the  deutoxide.  This  subject  is  not  yet  fully  eluci- 
dated, and  needs  farther  mvestigation.  The  ivhite  oacide  that  it 
precipitated  from  add  soltUionSf  is  a  hydrate.  The  protoxide  or 
green  oxide  is  obtained  by  igniting  the  deutoxide  in  contact  with  hy* 
drogen  or  charcoal,  or  by  heating,  in  the  same  manner,  the  purified 
oxide  or  carbonate.  It  is  this  which,  oZone,  exists  in  solution  in  adds. 
Its  rich  green  color,  on  exposure  to  air,  changes  to  brown.  The 
brown  or  deutoxide  remains,  when  the  black  oxide  is  heated  to  afford 
oxygen  gas.  This  oxide  is  obtained  also,  by  decomposing  the  nitrate 
of  manganese,  at  ignition,  in  a  platinum  crucible.  With  the  sul- 
phuric and  muriatic  acids,  it  forms  transient  red  solutions  ;  the  oxide 
beipg  decomposed  into  the  protoxide,  which  remains  in  solution,  and 
the  peroxide,  which  is  precipitated.  The  tritoxide  or  peroxide  of 
manganese  is  the  conunon  black  oxide  which,  by  heat,  gives  up  half 
an  equivalent  of  oxygen,  and  becomes  deutoxide  ;  but  no  heat,  with- 
out the  aid  of  combustible  matter,  can  bring  it  to  the  condition  of  pro* 
toxide,  and  much  less  to  the  metallic  state.  It  may  be  formed,  ar- 
tificialhfr,  by  decomposing  the  nitrate  of  manganese,  so  as  to  destroy 
the  acid,  without  expelling  any  oxygen  from  the  oxide. 

The  red  oxide  of  manganese,  as  it  is  termed,  is  formed  by  heat- 
ing, to  whiteness,  the  per-  or  deutoxide  of  manganese  ;  when  m  pow- 
der, it  has  a  brownish  red  color,  and  imparts  to  glass  or  borax  a  violet 
color ;  this  oxide  is  regarded  as  a  mixture  of  the  protoxide  and  deu- 
toxide ;  perhaps  not  a  very  probable  supposition,  since  the  color  is 
constant. 

V.  Action  of  acids  on  the  black  oxide  of  bcanoanese  ;  it  is^ 
singular  and  instructive,  and  was  first  ascertabed  by  Scheele,  (Essays, 
p.  67,)  and  Bergman,  (Op.  11, 203)  ;  both  authors  are  worthy  of  being 
read,  and  Mr.  Scheele's  Essay  is  a  model  of  ingenious  chemical  analy- 
sis. He  states  four  general  conclusions,  (p.  78,)  drawn  from  his  own 
experiments.  I  have  translated  the  language  of  Mr.  Scheele,  from 
the  terms  of  the  phbgisdc  hypothesis,  into  those  of  the  present  ^ory. 
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1.  Black  oxide  ofmanganesej  by  means  of  its  oxygen^  is  powerful^ 
ly  acted  upouj  by  au  conwustMe  substances, 

2.  The  presence  of  acids  very  much  increases  this  action,  by  com- 
bining with  the  deoxidized  manganese  ;  thus  the  acids  and  combusti- 
bles mutually  aid  each  other. 

3.  The  oxide,  by  the  action  of  combustibles,  loses  its  black  and  as- 
sumes a  white  color,  and  the  black  color  returns,  when  the  oxygen  is 
restored, 

4.  Without  abstracting  oxygen  by  combustibles,  no  colorless  solu- 
tion in  acids  can  be  formed,  and  in  proportion  as  the  oxygen  is  re- 
stored, the  solution  becomes  blue  or  red. 

VI.  Salts  of  Manganese. 

1.  Sulphate  of  manganese. 

(a.)  Theprotoxide  and  the  carbonate  of  manganese  dissolve  readir 
ly  in  sulphuric  add,  of  every  density. — ^The  following  is  the  usual 
process.  Sulphuric  acid,  6  parts,  with  black  oxide  of  manganese  1, 
being  ignited  in  a  glass  retort,  much  oxygen  gas  is  disengaged  and  a 
white  mass  is  obtained,  which,  by  solution  in  boiling  water,  filtration, 
and  the  addition  of  a  litde  sugar,  afibrds  a  colorless  fluid,  and,  by 
evaporation,  large  transparent  rhomboidal  crystals  of  sulphate  of  man- 
ganese. 

(ib.)  The  first  crystals  have  frequently  a  rose  tint;  the  last  are 
white;  taste  like  that  of  sulphate  of  soda;  soluble  in  2^  parts  of  cold 
water,  but  not  in  alcohol;  composed  of  acid  40,  being  1  equivalent, 
and  1  of  protoxide  of  manganese,  36 ;  also  of  5  equivalents  of  wa|er, 
45,  according  to  Mitscherlich. — Turner. 

(c.)  When  sulphuric  acid,  in  the  cold,  is  added  to  black  oxide  of 
manganese,  finely  pulverized,  a  little  of  the  oxide  is  dissolved,  pro- 
dudng  a  red  sulphate,  and  when  water  or  an  alkali  is  added  to  the 
solution,  the  red  oxide  is  thrown  down. 

(<2.)  Strong  sulphuric  acid  also  dissolves  the  deutoxide  of  manga- 
nese, but  if  diluted,  it  forms  peroxide  and  sulphate  of  protoxide. 

(6.)  Diluted  sulphuric  add  and  a  little  oxide  of  manganese,  with 
the  addition  of  sugar,  jelly,  honey,  fyc.  afford  a  colorless  solution. 

2.  Sulphurous  add  dissolves  the  peroxide,  without  addition,  by 
attracting  the  excess  of  oxygen  to  form  sulphuric  acid ;  protoxide  is 
left  and  the  product  is  a  sulphate. 

3.  Nitrate  of  manganese. 

(a.)  Nitric  add  1  oz.  with  20grs.  of  peroxide,  and  1  dr.  alcohol 
or  spirits,  bemg  heated  gendy  or  placed  in  the  sun's  rays,  nitric  ox- 
ide gas  rises,  the  oxide  ^manganese  is  dissolved,  and  then  jfbur  more 
portions,  of  20  grs.  each,  vjillbe  also  dissolved. 

(6.)  Fumi7^g  nitrous  add  dissolves  the  oxide  without  addition; 
the  product  is  a  nitrate;  the  nitric  acid,  in  the  sun's  light,  dissolves 
the  oxide,  because  it  is  decomposed;  nitrous  acid  b  formed  and  thus 
the  oxygen  of  the  protoxide  is  removed. 
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(c.)  The  protoxide  and  white  carbonate  dissolve  readily  in  nitric 
acid  and  form  a  nitrate  of  the  protoxide,  which  is  very  soluble,  but 
crystals  can  be  obtained  from  it.  Its  composition  is,  acid  1  equiva- 
lent, 54;  protoxide  1,  36;  and  water  7,  63;=  153. 

4.  Muriate  of  manganese, 

(a.)  Muriatic  addj  3  or  Aparts^  and  I  of  the  Hack  oonde^  xoith 
heat  J  give  chlorine  ;  sugar  or  other  combustibles,  prevents  the  extrica- 
tion of  this  gas,  and  in  either  case,  a  muriate  resuhs.  The  theory  of 
the  operation  of  muriatic  acid  upon  black  oxide  of  manganese  has 
been  afready  given ;  upon  either  the  old  or  the  new  view,  it  is  obvi- 
ous, that  muriatic  acid  ought  to  dissolve  the  black  oxide,  without  the 
addition  of  combustible  matter. 

Concentrated  muriate  of  manganese  is  rose  red,  and  by  slow  evap- 
oration, gives  large  transparent  crystals,  whose  form  is  that  of  four 
sided  tables.  The  muriate  of  manganese  is  most  easily  formed,  by 
dissolving  the  carbonate  in  muriatic  acid ;  it  is  crystafltzed  toith  dif- 
JieuUy:  it  consists  of  acid,  1  equiv.  37;  protoxide  of  manganese  1, 
36;  water  4,36  ;=r  109. 

5.  Chloride  of  manganese. 

(a.)  ythe  muriate  is  ignited^  auHiyfrom  the  air^  it  becomes  a  pink 
colored  chloride.  Dr.  Turner  directs,  that  a  current  of  muriatic  acid 
gas  should  be  passed  over  it,  while  it  is  heated  by  a  spirit  lamp  in  a 
^ass  tube :  it  is  deliquescent,  and  by  solution,  becomes  muriate  of 
manganese.  This  chloride  is  composed  of  1  equivalent  of  manga- 
nese 28;  and  1  of  chlorine  36. 

(&.)  The  brown  or  deutoxide  will  also  give  chlorine  with  muriatic 
acid,  but  of  course  in  smaller  quantity.* 

f  c.)  Alkalies  J  and  especially  carbonated  alkalies,  throw  downawkite 
or  brownish  oxide  from  these  solutions ;  solution  in  acids  will  now 
take  place  without  the  addition  of  combustible  matter. 

id,)   Caustic  alkali  is  apt  to  give  a  brownish  precipitate^  but  if 
ed  to  the  solution  of  a  concentrated  sulphate  or  muriate,  the  pre- 
cipitate is  white  ;  if  diluted,  it  is  brown. 

(e.)  Hie  precipitate  grows  darker  by  exposure  to  the  air  ;  and  is 
immediately  blackened  by  agitation  with  oxygen  gas. 

*  I  once  purchased  a  barrel  of  pulverized  o^iide  of  manganese,  but  was  greatly 
duappointed  in  not  beioe  able  to  obtain  from  it  a  bubble  of  oxygen  gas,  by  any  proeeM. 
Obaerving  that  it  was  ofa  brown  color,  it  occurred  to  me  that  it  had  been  already  used 
to  afiford  oxygen  gas,  and  then  saved  and  sold  again.  I  was  confirmed  in  this  opinion, 
by  finding  that  I  could  readily  obtain  chlorine  from  it  both  by  muriatic  acid,  and  by 
sulphuric  acid,  water  and  common  salt,  it  being  necessary  only  to  use  a  larger 
quantity  of  the  oxide.  I  have  continued  for  more  than  twenty  years,  occasionaRy, 
to  obtain  chlorine  by  its  aid,  but  it  still  refuses  to  afford  any  oxygen  gas ;  a  sufficient 
proof  diat  the  brown  oxide  does  not  reabsorb  oxygen  firom  the  air. 

It  is  hardly  probable,  that  the  native  deutoxide,  like  that  which  is  found,  often  in 
beautiful  steel  grey  crystals,  at  Jhlefeld,  in  the  Hartz,  has  found  its  way  into  the 
arts,  which  require  the  peroxide. 

Vol.  U.  23 
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(/.)  Pho^horaus  add  dii$olv€$  the  blade  oxide;  the  rich  red  solu- 
tion loses  its  color  in  a  close  phial,  and  re-acquires  it  by  fflti^tion  in 
the  air ;  nothing  is  separated,  and  these  changes  may  be  repeated, 
as  often  as  we  please. 

(g.)  A  new  chloride  of  manganese  has  heenformedy  by  adding  man- 
ganesic  acid  to  the  sulphuric,  and  fused  common  salt  to  both ;  or, 
the  chameleon  mineral,  in  the  green  state,  is  converted  into  red  by 
sulphuric  acid  ;  the  evaporated  fluid  gives  sulphate  and  manganesiate 
of  potassa,  and  sulphuric  acid  evolves  manganesic  acid  from  the  mix- 
ture ;  fragments  of  common  salt  are  added,  as  long  as  a  colored  vapor 
rises;*  the  theory  is,  in  both  cases,  obvious ;  the  oxygen  of  the  man- 
ganesic acid  decomposes  the  muriatic  acid,  and  the  liberated  chlo- 
rine unites  with  the  manganese.  This  chloride  is,  at  first,  a  vapor 
of  a  copper  or  greenish  color,  but,  if  passed  through  a  glass  tube  at 
50  o|.  _  40^  Y.  it  becomes  a  brownish  liquid,  and  if  the  tube  be  large, 
its  vapor  displaces  the  air.  If  poured  into  a  large  and  moist  flask, 
the  contact  with  the  moisture  generates  muriatic  and  manganesic 
acids,  die  vapor  of  the  latter  having  a  red  tint.  From  the  fact  that 
the  elements  of  water  are  appropriated,  and  are  equivalent  to  the  pro- 
duction of  the  two  acids,  it  is  inferred,  that  this  chloride  is  composed 
of  metal,  one  equivalent,  28  ;  and  chlorine  four,  144;=  172. 

6.  Fluoride  of  manganese. 

(a.)  This  name  has  been  given  to  a  compound^  ohtained  by  addingj 
in  a  platinum  vessel^  sulph^mc  acid  to  a  mixture  cf  the  common  cAo- 
mdeon  mineral  with  half  its  weight  offluor  spar, 

{b.^  It  is  a  vapor  of  a  greenish  yellow^  more  intense  than  that  of 
chlonnCy  but  by  contact  with  the  air,  it  becomes  of  a  beautiful  purple 
or  red  color.f 

(c.)  It  is  absorbed  by  water ^  which  becomes  red;  attacks  glass  and 
forms  fluo-silicic  and  manganesic  acids ;  decomposes  dry  cmoride  of 
calcium^  evolving  heat  and  pure  chlorine. 

(d,)  Its  composition  is  supposed  to  be  1  equivalent  of  manganese, 
and  four  of  fluorine.f 

VII.  Chameleon  mineral.^ 

Fuscj  in  a  crucible^  1  part  of  pulverised  black  oxide  of  manganese^ 
and  3  parts  of  nitre  ;  the  nitric  acid  is  decomposed  and  expelled  by 
the  heat;  and  the  alkali  unites  with  the  manganese,  now  become  an  acid : 
a  dry  greenish  or  blackish  mass  rem>ains  which  is  partly  soluble  in  toater. 

•  Turner,  2d  £d.  4S1,  and  Edin.  Jour.  No.  XV,  p.  179. 

t  It  is  a  beautiful  experiment. — J.  T. 

t  Ann.  de  Chini.  et  de  Phys.  Jan.  1828,  and  Henry  and  Turner.  These  experi- 
ments lend  great  weiglit  to  the  opinion  that  fluorine  is  a  distinct  principle,  and  if 
the  chloride  of  calcium,  decomposed  by  this  fluoride,  ia  trtUy  a  chloride  and  not  a 
mwruUe,  it  affords  an  example  of  the  separation  of  chlorine  from  a  base,  by  a  sim- 
ple exertion  of  affinity,  without  implying  the  decomposition  of  muriatic  acid,  and 
must  therefore,  tend  greatly  to  fortify  the  present  views  of  the  nature  of  chlorine. 

§  DiscoTered  by  Scheele. 
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The  same  compound  is  produced,  by  fusing  1*  part  of  oxide  of 
manganese  widi  5  or  6  of  caustic  potash,  or  carbonate.  This  solution 
has  at  first,  a  green  color,  which  would  appear  blue;  but,  the  prepara- 
tion being  usually  made  from  the  blacL  native  oxide,  which  always 
contains  oxide  of  iron',  this  was  formerly  supposed  to  give,  by  its 
yellow  ii^olor,  a  greenish  tinge  to  the  blue.  If  the  green  solution  of  the 
common  oxide  be  kept  a  few  daysf  in  a  close  vessel,  the  yellow  ox- 
ide of  iron  then  precipitates  by  degrees,  and  the  solution  appears 
blue.  If  tills  blue  solution  be  exposed  to  the  air,  or  if  a  large  quan- 
tity of  water,  or  an  acid|  or  hot  water^  be  added,  the  solution  as- 
sumes a  violet  cobr,  then  red,  then  brown,  and  lasdy,  the  black  ox- 
ide of  manganese  is  separated  and  falls,  and  the  liquor  becomes  col- 
orless. These  changes  were  formerly  imputed  to  the  absorption  of 
oxygen  from  the  air ;  or,  from  that  dissolved  in  the  water,  which  was 
supposed  to  give  the  oxide  of  manganese  a  color  continually  deep- 
ening, till  finally  it  is  all  precipitated.  A  few  drops  of  a  solution  of 
any  sulphuret,  or  of  sulphuretted  hydrogen,  sulphurous  acid  or  chlo- 
rine, destroy  this  play  of  colors  immediately.  The  compound  has, 
on  account  of  its  changeaUe  colors,  acquired  the  fanciful  name  of 
chameleon  mineral.    It  may  be  formed  with  baryta,  strontia  or  soda. 

NEW  VIEWS  OF  THE  CHAMELEON  MINERAL. 

Manganesic  and  manganeseous  acid. 

(a.)  J^this  compound  be  formedy  by  fusing  together  in  a  crucible^ 
one  part  of  pure  oxide  ofmanganese,  with  eight  of  pure  potatsa^  the 
same  play  of  colors  is  exhibited,  which  proves  that  it  does  not  depend 
upon  iron,  but  upon  the  absorption  of  oxygen. 

((.)  It  is  now  admitted,  that  the  chameleon  mineral  is  a  definite 
compound  of  ntanganesCy  in  the  acid  form^  with  potassa  ;  that  it  is 
not  formed,  if  the  materials  are  heated  in  a  vessel  filled  with  nitro- 
gen, that  oxygen  may  be  absorbed  in  the  process  of  forming  it,  and 
that  it  may  be  obtained  in  regular  prismatic  crystals  of  xi  purple  col- 
or. They  detonate  with  pho^horus^  and  set  fire  to  sulphur,  arsenic, 
antimony,  and  other  combustible  bodies. 

(c.)  The  add  is  called  the  manganesic. 

(d.)  This  acid  has  been  obtained  in  afreestate,  by  heatir^  nitrate 
of  baryta  withjperoocide  of  manganese,  and  the  acid,  thus  generated,  is 
separated  hj  saturating  the  baryta  Ufith  sulphuric  add,  when  the 
manganesic  acid  makes  its  appearance,  in  the  form  of  a  rich  red  fluid. 


*  Equal  parts,  (Laugier,  Cours  de  Cbimie)  some  thousandth  parts  of  the  ozid« 
will  impart  to  the  mass,  melted  with  potash,  the  power  to  tinge  the  water  of  the  solutioii 
green.  t  Scheele,  Essays,  p.  107.  t  Id.  and  Berg.  II,  p.  224. 

4  Two  glasses,  one  with  hot  and  one  with  cold  water  exhibit  very  strikingly  the 
rent  degrees  of  rapidity  and  intensity  in  the  production  of  the  colon.    Excess  of 
acid,  and  or  allcaii,  alternately,  change  the  color  to  red  and  green. 
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(e.)  It  is  supposed  that  there  is  aUo  another  add  toith  a  smaller 
proportion  of  oxygen;  it  is  called  the  manganeseousj  and  ii  is  be^ 
lieved  thai  the  changes  of  color  in  the  chamdeon  mineral  are  owing  to 
transitions  between  the  two  saline  conditions  ;*  substances  that  attract 
away  oxygen,  as  alcohol  and  carbonate  of  manganese,  change  the  red 
or  manganesiate  of  potassa  to  the  green  or  manganesite  ;  the  acid,  in 
the  latter,  being  supposed  to  contain  three  equivalents  of  oxygen,  and 
that  in  die  former,  four.f 

(/.)  It  is  obvious,  that  if  these  views  are  correct,  the  present  ex- 
planation of  the  phenomena  of  the  chameleon  mineral  accords,  very 
nearly y  with  the  old  opinion  of  the  absorption  of  oxygen,  and  there 
will  be,  at  least,  five  or  six  distinct  degrees  of  oxygenation  of  man- 
ganese.\ 

VIII.  Action  of  ammonia.— By  passbg  this  gas  through  tubes 
of  iron,  or  of  earthen  ware,  containing  ignited  black  oxide  of  manga- 
nese, we  obtain  red  vapor  of  nitrous  acid ;  but,  as  I  have  observed, 
sometimes  mixed  with  white  fumes  of  nitrate  of  ammonia,  and  then 
the  red  fumes  disappear  and  nitric  oxide  gas  is  extricated ;  for,  only 
the  nitric  portion  of  the  acid  combbes  with  the  ammonia. 

The  hydrogen  of  the  ammonia,  with  part  of  the  oxygen  of  the  ox- 
ide, forms  water,  while  another  portion  of  oxygen,  with  some  of  the 
nitrogen  of  the  ammonia,  forms  nitrous  acid.^ 

IX.  Earths. 

(a.)  They  do  n^t  combine  with  metaUicmar^anese,  but  readily  with 
the  oxide,  which  imparts  to  them  a  red,  purple  or  violet  color. 

{b.)  Hence,  used  in  coloring  glass  and  porcelain,  as  already  stated, 
givme  chiefly  red  and  violet  colors. 

(c.)  Black  oxide  of  manganese  discharges  color  from  glass,  espe- 
cially the  yellow  and  green,  caused  by  iron ;  and  also  the  dark  hues, 
derived  from  combustibles.  It  imparts  oxygen— every  thing  com- 
bustible is  burnt,  and  the  iron,  by  a  high  oxidation,  becomes  less  vis- 
ible, while  the  black  oxide  of  manganese,  by  losing  oxygen,  becomes 
colorless  and  invisible.  Too  much  manganese  renders  the  glass 
purple  or  red  ;  and  if  too  little  is  added,  some  of  the  oAer  tints  re- 
main. On  account  of  its  power  of  rendering  glass  colorless,  the  black 
oxide  of  manganese  was  formerly  called  by  the  artists,  glass  maker^s 
soap. 


•  Ann.  de  Chlm.  ct  de  Phys.  IV,  p.  287;  VIII,  p.  387.  Ann.  of  Philos.  XVI,  p. 
130,  containing  the  researches  of  Cbevillot,  Edwards  and  Forchhammer. 

f  The  portion  of  oxygen  is  not  considered  as  setUed  with  certainty. 

t  Prof.  Laugier  (Cours  de  Chim.  T.  II.  p.  74,)  suggests  a  doubt  whether  the  oxy- 
gen, alternately  acquired  and  detached,  passes  to  the  alkali,  or  to  the  mans^ese,  or 
to  both :  be  regards  the  question  as  undecided,  as  to  the  cause  of  the  difference  of 
color,  between  the  •'  two  chameleons.*^ 

§  The  French  are  said  to  have  manufactured  nitre  for  gun  powder,  during  the 
revolution,  by  forming  nitric  acid  in  this  manner.    Black,  if,  p.  455. 
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X.  SuL?HUR«T  OF  MANGANESE  camot  be  formed,  by  heating  the 
metal  and  sulphur  togeth^,  but  the  proto-sulphate,  by  being  ignited 
in  a  charcoal  crucible,  was  converted  into  a  sdphuret,  of  an  iron  gray 
color  and  crystalline  aspect ;  it  consists  of  1  proportion  of  sulphur 
and  1  of  metal. 

Solutions  of  manganese,  although  not  precipitated  by  sulphuretted 
hydrogen,  are  decomposed  by  hydro-sulphurets,  and  thus  a  sulphu- 
ret  of  manganese  may  be  formed.*  There  is  a  native  bi-sulphuret 
found  in  Cornwall,  and  in  Transylvania. 

XI.  The  alliOTs  of  manganese  are  little  known.  It  is  often 
found  combined  with  iron,  and  some  such  ores  afibrd  the  best  steel. 

XII.  PohABiTj.^-Eleciro  ponlivef  (from  analogy,)  I  am  not 
aware  that  it  has  been  ascertained  by  experiment. 

XIII.  Uses. — Employed,  by  the  potters,  to  give  the  black  color  to 
eardien  ware,  besides  the  dark,  violet,  and  purple  already  mentioned ; 
formerly  used  in  the  omamexital  figures  on  Delft,  and  most  other 
kinds  of  earthen  ware ;  and  on  the  tiles,  used  in  the  past  age,  in 
decorating  chimnies. 

Indispensable  in  the  modem  practice  of  bleaching,  and  in  chemis- 
try, as  it  afibrds  large  quantities  of  oxygen,  and  produces  chlorine 
at  a  cheap  rate.f 

Sec.  XXII. — ^Arsenic. 

I.  History  and  nabce. — In  some  ofiti  eotnbinationaj  long  known. 
The  (f»v6apax^y  of  the  Greeks,  was  a  sulphuret,  which  was  afterwards 
called  appsvixoy ;  the  word  aptfevatov  is  more  modem.*— T^oifuon. 

n.  Natural  history. 

(a.)  Arsenic^  (sometimes  alloyed  with  other  metals,  especially 
with  cobalt  and  iron,)  U  oecasumaUj/ found  native.X  It  is  a  heavy 
dark  mineral^  and  when  it  has  a  sdructure  in  scales  or  plates,  it  is 
called  testaceous  arsenic. 

(b.)  The  wjAive  sulphuret  forms  two  minerals  ;  the  one  of  a  lemon 
yellow,  sometimes  mclining  to  green,  and  called  orpiment  ;^  the  otlier 
of  a  mby  red,  and  frequendy  crystallized,  in  brilliant  needles  or 
prisms  I  die  latter  is  called  realgar — it  is  a  proto-sulphuret ;  it  is 


•  For  other  methods  of  forming  the  sulphuret,  see  Ann.  of  Phil.  N.  S.  VII,  p.  8S0, 
and  Henry,  11th  Ed.  Vol.  II,  p.  14. 

t  Its  black  oxide  is  often  found  with  iron  ores,  and  is  sometimes  mistaken  for  them. 
It  happened,  a  fevr  years  since,  in  New  England,  that  large  quantities  of  this  ore,  (as 
from  the  effects,  we  are  Justified  in  concluding,)  were  used  in  a  powerful  iron  fur- 
nace. The  fuel  is  said  to  have  burned  with  uie  greatest  intensity,  with  a  vast  col- 
umn of  flame,  and  a  roaring  so  unusual  as  to  terrify  the  workman,  and  they  were  as- 
tonished to  find  no  iron,  but  only  a  slag  in  its  stead. — Private  conimunieation  to  the 
author. 

X  In  Bohemia,  Hungary,  Saxony,  and  especially  at  St.  Marie  aux  Mines  in  Alsatia. 
Berg.  II,  p.  283.  §  Called  now  a  sesqui-sulphuret. 
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found  at  Vesuvius,  and  both  are  found  in  Hungary  and  Germany. 
The  orpiraent  and  realgar  of  conunerce  are,  principally,  artificial  pro- 
ductions. 

(c.)  Also  exientivdy  diffused  among  the  ores  of  other  metals  ;* 
especially  in  those  of  cobalt ;  not  unfrequendy  in  those  of  iron,  cop- 
per and  silver,  and  somedmes  in  those  of  lead,  tin  and  andmony. 

(J.)  The  native  oxide  is  rare^  and  is  usually  found,  as  an  efflores- 
cence, on  native  arsenic. 

The  white  arsenic  of  the  shops  is  an  oxide  or  rather  an  acid  ;  it  is 
formed  and  collected  in  the  chambers  attached  to  the  furnaces  for 
smelting  lead,  copper,  and  tin  ores,  and  in  the  roasting  of  white  py- 
rites, and  especially  of  nickel  and  cobalt  ores  in  Saxony,  in  the  man- 
ufacture of  zaffi-e  and  smalt.f  It  is  sublimed  in  windmg  horizontal 
chimnies,  where  it  forms  a  crust  or  coating. 

III.  White  oxide  or  arsenious  acid. — Properties. 

(a.)  Shining  and  vitreous  ;  sometimes  semp-transparenty  or  of  an 
opake  white,  inclining  to  yellow.  It  is  powdery  when  first  sublimed, 
and  it  obtains  the  vitreous  appearance  by  a  new  sublimation,  with 
several  hundred  pounds  at  a  time,  in  large  iron  mattrasses. 

(6.)  As  it  ferny  reddens  the  vegetable  blues^X  &nd  possesses  some 
of  the  other  acid  properties,  it  is  now  often  called  arsenious  acid. 

(c.)  Taste  commonly  said  to  he  very  acrid^  but  at  last,  sweetish. 
Dr.  Turner  avers,  from  personal  observation,  that  the  taste,  if  delib- 
erately observed,  is  only  that  of  faint  sweemess  or  acidity  and  that  a 
majority  of  persons  perceive  no  taste. 

(d.)  Smell  alliaceous^  if  in  contact  taith  i^ited  charcoal,  but 
from  a  hot  body  which  is  not  combustible,  it  rises  in  a  white  doud, 
without  odor* 

(e.)  Soluble  in  water,  but  authors  differ  as  to  the  degree ;  the  ex- 
periments of  greatest  authority,  (those  of  Klaproth  and  Bucholz,) 
give  its  solubility  at  77  J  of  oxide  oi  arsenic  to  1000  of  water  at  212° ; 
or  about  1  part  in  13;  while  at  60°,  the  same  quantity  of  water 
dissolves  only  2.5  parts,  or  1  part  in  400  of  water ;  the  solution  made 
at  212°  by  growing  cold,  deposits  more  than  half,  or  47.5  parts  out 
of  75.5.  Fischer^  says,  that  the  white  oxide  of  arsenic  is  insoluble 
in  water,  and  becomes  so  only  in  consequence  of  a  transfer  of  oxygen 
from  one  part  of  the  arsenic  to  another,  which  thus  becomes  acidified 
and  soluble,  while  the  remainder  takes  the  form  of  an  insoluble  yel- 


*  It  is  exceedingly  troublesome  iii  metallur^c  operations ;  it  is  immediately  re- 
co|||nlzed  by  the  alliaceous  or  garlic  odor,  which  it  evolves,  on  being  heated  or  struck. 
Mttpickd  is  a  compound  of  sulphur,  arsenic  and  iron ;  there  is  also  an  arseniuret  of 
iron  without  the  sulphur. 

f  Black,  II,  p.  427. 

X  As  is  seen  when  the  powder  is  placed  on  moistened  litmus  pwer;  especiaUy 
when  that  which  is  transparents  is  used.  §  Thorn.  Ann.  Vll,  p.  SS. 
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low  powder.     He  states  the  solubility  at  1  part  m  12.3  of  boiling 
water,  and  1  in  66^  of  cold. 

(/.)  Soluble  also  in  otb,  and  in  from  70  to  80  parts  of  alcohol. 

{g.)  By  slow  sublimaiiony  ii  crystallizes  in  regtdar  transparent  oc- 
tahedra;  at  283°  F.  (Th.);  or  380^,  (Henry,)  this.oxide  sublimes, 
and  if  heated  suddenly  in  close  vessels,  it  becomes  pellucid  like  glass; 
but  on  exposure  to  the  air,  it  recovers  its  former  appearance.  The 
glass  has  the  sp.  gr.  of  5 ;  the  common  oxide,  and  the  crystallized, 
&atof3.7.  (Aikin.) 

(A.)   Composition — 75.2  arsenic^  and  24.8  oan^en. — Proust. 

Other  chemists  agree  pretty  nearly  with  the  view,  that  it  is  com- 
posed of  arsenic,  100  parts,  oxygen  33.33  \  or  per  100, 75  arsenic  to 
25  oxygen. 

According  to  Dr.  Thomson,  it  is  composed  of  arsenic,  1  propor. 
38;  and  oxygen  two,  =16  ;s=:54,  its  equivalent;  which  gives  71 
arsenic  to  29  oxygen. 

According  to  Berzelius,  its  compo»tion  is  1  equiv.  of  arsenic,  38; 
+  1J  or  12  oxygen  ;=50. 

(t.)  It  combines  with  bases  and  form*  arseniies;  they  are  produced, 
by  boiling  it  with  the  bases  in  water. 

IV.  Reduction. 

(a.)  One  part  of  the  white  oxide^  in  powder^  is  mixed  with  2  or  3 
of  black  fuxy  (procured  from  the  detonation  of  1  part  of  nitre  with  2 
of  tartar,")  and  the  mixture  is  placed  in  a  crucible  coated  with  sand  and 
clay,  ana  luted  to  another,  which  is  inverted  over  it  like  a  dome,  and  is 
protected  from  the  beat,  by  a  plate  of  iron  with  a  hole,  in  which  the 
lower  crucible  hangs.  A  red  neatj  applied  to  the  lower  cruciblej  then 
causes  the  metallie  arsenic  to  sublime^  and  it  is  found  adhering  to  the 
upper  crucible  in  a  crystalline  form. 

(b.)  The  reduction  is  also  easily  effected  in  a  Florence  flask  or  Co- 
lopte-water  vialj  luted  at  the  lower  part  with  sand  and  c/ay,  and  ig- 
ntted  in  an  earthen  table  furnace,  the  upper  part  of  the  vial  or  flask 
being  inclined  out  of  the  heat,  and  loosely  stopped  with  a  coil  of 
paper.* 

(c.)  In  the  large  way,  powdered  oxide  of  arsenic  is  distilled  with 
charcoal  dust^  iron  flings  and  lime  ;  the  carbon  detaches  the  oxy- 
gen, and  the  iron  and  lime  detain  the  sulphur,  if  any  is  present ;  a 
similar  theory  may  be  given  of  the  first  experiment.  Arsenical  py- 
rites, ground  fine,  are  sometimes  substituted  for  the  oxide  of  arsenic, 
and  the  distillation  is  performed  in  earthen  retorts  coated  with  a  fire 
lute.f  Gray's  Op.  Chem.  p.  748. 


*  All  operations  upon  arsenic,  by  heat,  should  be  performed  under  a  well  drawing 
vent,  otherwise  the  operator  wiU  be,  seriously,  in  danger. 

t  Vt.  Hattys  notice  of  the  mode  qf  obtaining  jfrsmtc— Arsenic  is  sold  in  com- 
merce under  the  name  of  cobalt.  As  it  b  very  attractive  of  oxygen,  and  in  the  state. 
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(J.)  For  greater  purity^  the  metal  is  disserved  in  nicn>-muriatic 
acid,  precipitated  by  a  plate  of  zinc  and  resublilned. 

(6.)  The  polarity  of  arsenic  beingj  like  that  of  the  other  melidsy 
electro  poMvey  it  is  evolved  at  the  negative  pole,  when  the  white  ox- 
ide is  galvanized,  and  if  the  wire  be  copper,  it  will  be  whitened. 

V.  The  metal. — Properties. 

(a.)  Very  brittle,  easily  pulverized  in  a  mortar ,  and  forms  a  Hade 
powder:  the  recent  fracture  is  brilliant ;  color  bluish,  between  that 
of  tin  and  lead ;  the  newly  sublimed  metal  resembles  polished  steej, 
and  is  cnrstalline  ,in  its  structure. 

(6.)  It  soon  tarnishes  in  the  air,  becoming  sometimes  iridescent  at 
its  surfaccy  and  ultimately  dull  and  black;  but,  under  pinre  water, 
preserves  its  lustre. 

(c.)  Sp.  gr.  8.310.  Harder  than  copper,  but  neither  ductile  nor 
malleable  ;  evolves  a  peculiar  smell  when  handled*. 

(d.)  On  burning  coals,  a  red  hot  iron  or  any  ignited  body,  it  takes 
fire,  bums  with  a  blue  and  whitish  flame,  an  oflensive  odor  of  garlic 
peculiar  to  this  metal,*  and  is  converted  into  the  white  oxide. 

(e.^  It  is  the  most  volatile  ofaU  the  metals  ;  it  scarcely  meUs^  be-- 
fore  tt  flies  off  in  vapor,  and  tf,  with  the  exclusion  of  air,  the  arsenic 
is  recovered  without  change. 

\f)  This  metal,  spontaneously,  absorbs  oxygen  from  the  air,  and  is 
converted  into  a  voluminous  black  powder :  Berzefius  found  that  in 
three  nu»iths,  100  parts  became  108. 

YI.  Aasemubetted  htdroosk. 

1.  Pbocess. 

(a.)  Obtained  by  boiling  muriatic  acid  upon  the  tnetal,  when  it 
dissolves  some  of  it,  it  rises  in  gas,  and  acquires  the  smell  and  poison- 
ous qualities  of  arsenic. 

in  wbkh  it  bean  this  name,  is  fall  of  crevices,  it  is  so  mnch  tarnished,  or  blackened, 
by  oxidizement,  both  internally  and  externally,  that  it  is  not  possible,  even  by  a  li«ih 
fracture,  to  see  the  true  color  or  lustre  of  the  metal. 

In  order  to  attain  this  object  in  perfection,  the  cobalt,  (as  it  is  absordly  named,) 
should  be  pulverized  coarsely,  and  introduced  into  a  glass  tube  sealed  at  one  end. 
The  tube  should  be  less  than  half  full.  Thus  prepared,  it  should  be  placed  within  a 
cylinder  of  iron,  closed  at  the  base.  The  but-end  of  a  gun  barrel  will  answer.  The 
space  between  the  iron  and  the  glass  should  be  filled  with  sand,  and  another  gun 
barrel  applied,  so  as  to  catch  any  fumes  which  may  arise,  and  conduct  them  into  a 
chimney.  That  portion  of  the  glass  tube  which  contains  the  arsenic,  should  be  kept 
red  hot  for  about  an  half  hour.  After  the  apparatus  is  quite  cool,  tlie  metal  will  be  found 
in  crystals  of  great  splendor,  occupyintc  that  portion  of  the  glass  tube,  which  is  above 
the  part  heated  to  redness. 

According  to  Th6nard,  arsenic  may  be  sublimed  in  a  glass  retort,  filled  with  nitro- 
gen, and  heated  by  a  spirit  lamp. 

Dr.  Torrey  uses  an  oil  flask,  over  a  naklsd  charcoal  fire,  and  then  divides  the  flask 
in  the  middle  by  a  hot  ring. 

*  It  is  stated  by  some,  that  powdered  zinc,  thrown  on  burning  coals,  produces  a  simi- 
lar odor,  (Turner,  2d  £d.  p.  467,) ;  but  I  cannot  think  that  this  smell  belongs  to  the 
zinc,  as  I  have,  in  a  multitude  of  Instances,  burned  it  in  this  manner,  witliout  perceiv- 
ing any  such  effect,  and  if  it  has  ever  been  observed,  it  is  probably  owing  to  the  pres- 
ence of  arsenic.       t  It  can  be  melted,  under  pressure,  and  then  it  can  be  cast  in  ingots. 
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(b.)  AbOf  this  ^08  is  obtained^  by  adding  arsenic  or  'Us  oxide  to 
the  mixture  of  stuphuric  acid,  zinc  and  water ;  or,  by  digesting  an 
alloy  of  tin  3,  and  arsenic  1,  in  muriatic  acid. 

(c.)  Or,  by  the  alloy  of  arsenic,  potassium  and  antimony,  formed  by 
heating  strongly  for  two  hours  in  a  close  crucible,  two  parts  of  anti- 
mony, two  of  cream  of  tartar,  and  one  of  white  oxide  of  arsenic.  If 
2  or  3  drachms  of  this  alloy  be  thrown  under  a  jar,  inverted  in  water, 
this  gas  is  abundantly  disengaged.* 

2.  Properties. 

(a.)  A  permanent  elastic  fluid;  very  fetid;  and  extremely  dan- 
gerous to  respire.f 

(i.)  Sp.  gr.  62,f  air  being  100;  4  cubic  inches  contain  1  gr.  of 
arsenic  ;  it  varies,  owing  to  Ae  mixture  with  hydrogen. 

(c.)  Hostile  to  combustion  ;  eminently  combustible  ;  burns,  from  a 
jet,  in  oxygen  gas,  with  great  splendor  ;  detonates  with  atmospheri- 
cal air,  depositing  arsenic,  and  with  oxygen  gas,  oxide  of  arsenic. 

(d.)  Chlorine  precipitates  the  arsenic,  by  uniibg  with  the  hydro- 
gen ;  not  absorbable  by  water,  and  not  acid  ;  dissolved  by  a  solution 
of  sulphate  of  copper. 

(c).  Composition;  3  volumes  of  hydrogen  with  1  volume  of  vapor 
of  metallic  arsenic,  condensed  into  2  volumes. 

(/.^  By  galvanizing  water,  the  negative  pole  being  pointed  u)ith 
arsenic,  and  also  by  acting  on  water  with  an  aUgy  of  potassium  and 
arsenic,  a  solid  confound  of  this  metal  and  hydrogen  is  generated  ; 
it  appears  in  the  form  of  a  brown  powder  or  of  fiocculi,  and  much 
more  hydrogen  is  evolved  than  usual. 

VU.  Sulphur,  by  fusion,  unites  readily  with  arsenic  or  with  the 
metal  of  its  oxide,  and  forms  two  sviphurets,  the  red  and  the  yeDow, 
both  of  which  exist  also  as  natural  productions. 

icr.)  It  is  now  agreed,  that  the  difference  between  the  red  and  the 
ow  sulphuret  depends  upon  the  proportions  of  the  principles. 
(6.)  Realgar,  or  the  red  sulphuret,  contains  arsenic  1  propor.  or  38, 
+  sulphur  1  propor.  or  16=64;  and  orpiment,  1  propor.  or  38;  + 
sulphur  li  proper,  or  24  ;=62. 

(c.)  The  orpiment  is,  therefore,  what  is  called  a  sesqui-sulphuret ; 
that  is,  it  has  an  equivalent  and  an  half  of  sulphur.  It  is  possible,  how- 
ever, that  tliere  may  be  another  sulphuret  widi  a  smaller  proportion 
of  sulphur,  which  will  hereafter  remove  the  fractional  expression.^ 

*  Eng.  Quar.  Jour.  XIII,  225. 

t  M.  Gehlen,  after  nine  days  of  convulsions  and  extreme  suflTerin^,  was  destroyed* 
by  respiring  a  very  small  quantity  of  it. — Ann.  de  Chim.  XCV,  HO,  and  Ann.  de 
Chim.  et  de  Phys.  IH,  185.  %  55.  Davy. 

I  Bergman  says,  (II,  287,)  that  yellow  or  red  compounds  are  produced,  **  accord- 
ing to  the  different  proportion.'*  Dr.  Hope,  (note. book,)  states,  that  one  tenth  sul- 
phur to  1  white  oxide,  produces  orpiment,  and  one  fifth  of  sulphur  produces  realgar. 
By  this  union,  the  activity  of  the  arsenic  is  greatly  repressed,  and  its  poisonous  qiuU- 

Vol.  11.  24 
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{d.)  OrpimefU  may  be  formed  in  the  humid  way. — To  the  white 
oxide  of  arsenic,  dissolved  in  muriatic  acid,  add  an  aqueous  solution 
of  sulphuretted  hydrogen,  and  there  is  a  fine  yeUow  precipitate,  or, 
the  sulphuretted  hydrc^en  gas  may  be  passed  through  a  solution  of 
white  oxide  of  arsenic. 

(e.)  In  the  artty  realgar  is  producedj  by  distilling  in  earthen  re- 
tortSy*fram  3^  to  5  parts  of  white  oxide  of  arsenic  unth  1  ofstdpkur^ 
or  a  mixture  of  arsenical  pyrites  with  iron  pyrites  ;  it  b  afterwards 
melted  over  again,  skimmed  and  cast  in  iron  moulds. 

(/•)  Orpiment\  is  made  in  a  similar  manner,  by  distilling  a  mix- 
ture  of  arsenical  pyrites  that  has  long  been  exposed  to  the  air^  with 
one  tenth  of  their  weight  of  iron  pyrttes^  or  by  using  7}  to  9  parts  of 
white  arsenic  with  one  of  sulphur,  or  3^  cwt.  of  arsenic  with  ^  cwt. 
of  sulphur.| 

igi)  Under  the  name  of  king's  yellow,  orpiment  is  used  as  a  painty 
and  it  has  been  recommended  as  a  dye  for  suk. — Melt,  nearly  at  igni- 
tion, in  a  crucible,  1  part  sulphur,  2  arsenic,  and  5  potassa  of  com- 
merce ;  dissolve  in  hot  water  and  filter ;  dilute,  and,  by  sulphuric 
acid,  precipitate  a  superb  yellow ;  dissolve  in  ammonia  added  in  ex- 
cess ;  immerse  the  goods ;  they  come  out  colorless,  but  become  yel- 
low as  the  ammonia  evaporates.^ 

(A.)  In  calico  printing,  the  blue  indigo  is  brought  to  the  condition 
of  green,  by  the  action  if  orpiment,  which  attracts  away  oxygen. 

(i.)  The  sulphurets  of  arsenic  are  poisonous,  but  considerably  less 
so  than  the  oxide. 

(y.)  If  sulphuretted  hydrogen  gas  be  passed  through  a  solution  of 
arsenic  acid,  or  of  arseniate  of  potassa  or  soda,  adding  some  muriatic 
or  acetic  acid,  the  hydrogen  ot  the  gas  and  the  oxygen  of  the  ar- 
senic acid  unite,  and  the  sulphur  with  the  metal  forms  a  per-sulphu- 
ret.  It  resembles  orpiment,  but  contams  two  equivalents  of  sulphur 
and  1  of  metal. — Turner. 

VIU.  Phosphorus  unites  with  arsenic,  by  heating  them  in  equal 
parts  beneath  ufater,  in  a  flask  or  in  a  close  vial ;  the  phosphuret  of 
arsenic  is  black,  and  ought  to  be  preserved  under  water  or  alcohol. 

IX.  Chlorine  gas,  warm  and  dry,  spontaneously  inflames  arse- 
nic and  produces  a  proto^Moride. 


ties  tre  dininished,  in  so  much  thtt  in  Cliint  tnd  other  eutern  countries,  they  em- 
ploy, nil  t  punratfve,  lemon  juice,  which  has  stood  some  hours  in  a  cup  made  of  real- 
gar. Black,  1 1,  426. 

*  Coated  with  a  mixture  of  clay,  iron  filings,  blood,  hair  and  alum. 

f  It  would  seem  that  these  two  sulphurets  can  he  converted  into  each  other  by  a 
particular  management  of  the  heat.  Nothing  more  being  necessary  to  convert  orpi- 
ment into  realgar,  than  to  expose  it  to  a  strong  heat ;  and  with  the  same  mixture,  we 
mi^,  at  pleasure,  obtain  either  of  these  products,  according  to  the  manner  of  apply- 
ing the  hetLt-^ Chaptal.  t  Gray's  Op.  Chem.  p.  749. 

§  Henry,  II,  57,  and  Ann.  de  Chim.  et  de  Phys.  XII,  98.  Alkalies  aflfecttbe 
color,  but  acids  do  not. 
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It  may  be  fonned,  also,  by  distilling  6  parts  of  corrosive  sublimate 
and  1  of  metallic  arsenic.  It  is  a  colorless  fuming  fluid,  which,  by 
the  action  of  water,  is  converted  into  muriatic  and  arsenious  acids. 

With  an  excess  of  chlorine,  a  white  crytallized  matter  appears, 
which  is  probably  a  perchloride.  The  opinion  of  chemists  as  to  these 
chlorides  is  not  exacdy  settled.* 

X.  Iodine  in  excess^  unites  with  arsenic  by  the  aid  of  heqf ;  the 
compound  is  of  a  deep  red,  and  by  the  action  of  water,  produces 
the  hydriodic  and  arsenic  acids. 

XI.  Bromine,  by  mere  contact,  hums  metallic  arsenic,  with  vivid 
Lght  and  heat ;  the  bromjide  is  volatOe,  and  water  converts  it  into 
oxide  of  arsenic,  and  hydro-bromic  acid. 

XII.  Acids. — Arsenic  hardly  unites  with  the  acids  to  form  salts, 
like  most  of  the  other  metals. 

(a.)  By  being  repeatedly  boiled  on  arsenic,  stdphuric  acid  is  de- 
composed ;  sulphurous  acid  is  disengaged  and  arsenious  acid  formed. 

(b.)  The  nitric  add  acts  with  violence  on  the  powder  of  ar- . 
senic  ;  nitrous  gas  is  evolved,  and  arsenic  acid  produced ;  it  also  con- 
verts the  white  oxide  into  the  arsenic  acid. 

Xffl.  Salt's. 

(a.)  When  chlorate  ofpotassa  and  arsenic,  3  of  the  salt  to  1  of  the 
metal,  pulverized  separately,  and  mingled  by  a  feather,  are  struck  on 
an  anvil  with  a  hammer,  they  detonate  with  violence.  This  mixture 
takes  fire,  from  contact  with  a  burning  coal,  or  with  sulphuric  add. 
*  It  flashes  like  lightnioig,  and  the  contrast  between  it  and  gun  powder 
is  strikingly  seen,  if  a  train  of  this  mixture  is  fired  at  the  same 
time  with  one  of  gun  powder. 

rft.)  Nitraie  ojpotassa,  heated  with  arsenic  or  its  oxide,  burns  it, 
ana  converts  it  into  the  arsenic  acid. 

XrV. — Alkalies. 

(a.)  JVb  action  between  them  and  the  metal,  but  they  unite  with  the 
white  oxide,  producing  arsenites. 

ib.)  This  union  is  easily  effected  by  heat,  or  by  boiling, 
c.)  Hie  arsenites  have  been  but  little  examined;  those  of  the  alka- 
lies are  soluble  and  uncrystaUizable  ;  those  of  the  earths  are  ofdiffir* 
cult  solution,  but  are  easily  dissolved  in  -an  excess  of  their  own  acid ; 
adso  in  nitric  acid,  and  in  other  acids  with  which  their  basei»  do  not 
form  insoluble  compounds ;  the  other  arsenites  of  the  metals  are  fcmn- 
ed,  by  mingling  an  alkaline  arsenite  with  a  solution  of  the  metallic  salt. 
Tne  arsenite  ofpotassa,  formerly  called  Fowler's  solution,  is  em- 
ployed m  medicme,  and  is  made  according  to  the  directions  of  the 
pharmacopeia,  by  boiling  together,  in  1  pint  of  water,  powdered  oxide 
of  arsenic  and  carbonate  ofpotassa,  of  each  64  grains,  tiU  the  arsenic 

*  See  Henry,  11th  ed.  Vol.  IT,  p.  57,  and  Dumas,  Ann.  de  Cbim.  et  de  Pbyi. 
LXXXVI,p.380. 
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is  dissolved ;  when  cold,  four  fluid  drachms  of  the  coippouad  spirit 
of  layender  are  added,  and  distilled  water  enough  to  make  one  pint.* 

XV. — Earths. 

The  white  oxide  readily  unites  with  them. — It  is  employed,  in  glass 
making,  to  destroy  color,  and  to  increase  transparency ;  but  in  larger 
proportion  to  produce  a  milky  opacity,  and  along  with  the  oxides  of 
tin  and  lead  to  form  a  white  enamel^  such  as  is  seen  in  watch  faces.f 

XVI. — Metals. 

Arsenic  unites  with  most  of  the  metals.  It  renders  the  malleable 
metals  brittle,  the  refractory  more  fusible,  and  the  fusible  nciore  refrac- 
tory;  the  yellow  and  red  are  whitened,  and  the  white  become  grey.| 
All  the  alloys  are  decomposed  by  heat. 

XVII. — Arsenic  Acid. 

1.  Discovert — By  Scheele. 

2.  Process. 

Powdered  white  arsenic  2  parts^  in  a  tubulated  retort,  with  7  o^ 
muriatic  acid;  dissolve  with  gentle  ebullition;  promptly  add  3^  oz. 
of  nitric  acid^  returning  into  the  retort  the  acid  which  passes  into  the 
receiver;  heat  tl)e  retort  again,. and  when  the  fumes  of  nitric  oxide 
gas  cease,  add  another  ounce  of  white  oxide  and  apply  heat ;  this 
being  dissolved,  add  1^  oz.  more  of  nitrous  acid,  and  distil  to  dry- 
ness, and  even  to  ignition,  when  the  arsenic  acid  will  form  a  white 
mass,  to  obtam  which,  ||  the  retort  may  be  broken,  or  the  acid  may 
be  dissolved  in  distilled  water. 

3.  Theort. — The  dissolved  oxide  receives  one  proportion  qf  oxy- 
gen from  the  nitric  add^  and  thus  becomes  arsenic  acid. 

4.  Composition. — 1  proportion  of  arsenic,  38 ;  +  3  of  oxygen,  24 ; 
=62,  its  equivalent  number ;  while  the  white  oxide,  or  arsenious 
acid  has  but  two  proportions  of  oxygen,  and  its  equivalent  number  is 
644 

Thus,  the  consntution  of  these  acids  resembles  that  .of  the  sulphu- 
rous and  sulphuric. — H. 

6.  Properties. 

(a.)  Very  fixed  in  the  fire  ;  t^  even  vitrifies  at  a  very  high  heat^ 
and  attacks  earthen  and  glass  vessels ;  it  also  gives  out  a  litde  oxy- 
gen gas,  and  becomes  in  part  white  oxide. 

(6.)  This  acid  is  very  poisonous ;  more  so  than  the  white  oxide. 


*  Dose,  2  to  15  drops,  once,  twice,  or  thrice  a  day ;  it  may  be  gradually  increas- 
ed, as  Dr.  Coxe  states  from  his  own  experience,  to  80  drops,  three  times  a  day. 

t  This  enamel  was  formerly  used  to  glaze  the  Delft  ware,  and  it  was  twisted  in 
beautiful  scrolUin  the  stalks  of  wine  glasses. — lilack  Vol.  II,  p.  426. 

X  Tin  excepted,  which  by  this  means  acquires  a  permanent  and  shining  white- 
ness, and  by  msion  is  able  to  retain  half  its  own  weight ;  nor  does  arsenic  spoil  the 
colorof  platinam.  ||  Scheele*s  Essays,  p.  144. 

§  Berzelius  is  of  the  opinion  that  the  oxygen  in  the  arsenious  and  the  arsenic  acid, 
is  as  8  to  5. 
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(c.)  Sp.  gr.  3.391 ;  it  reddens  vegetable  blues,  and  is  deliques- 
ceot. 

(cZ.)  Soluble^  very  slowly  y  in  six  parts  of  cold  water ^  but  almost  in- 
stantly in  2  parts  at  212^  ;  it  even  remains  in  solution^  although  a 
considerable  part  of  the  water  is  evaporated.  With  half  its  weight 
of  water,  it  has  the  consistency  of  syrupy  and,  by  farther  evaporation, 
becomes  gelatinous,  and  deposits  grains  rather  than  crystals. 

(e,)  Taste^  extremely  acid,  caustic,  and  metallic, 

(/.)  Decomposed  by  the  simple  combustibles,  which  attract  its  oxy- 
gen, and  leave  either  the  oxide  or  metallic  arsenic. 

(g-.)  With  charcoal  powder,  at  ^ition^  there  is  a  violet  combus- 
tion, and  metaUic  arsenic  is  liberated.* 

(A.)  Sulphur  1  part+  acid  6;  at  the  melting  point  of  sulphur,  there 
is  a  violent  combination,  the  whole  mass  rises  in  a  red  sublimate,  and 
sulphurous  acid  is  formed. f 

(t.)  Heated  trith  phosphorus,  phosphuret  of  arsenic  and  phosphoric 
add  are  produced. 

(j.)  The  more  combustible  metals  are  oxidized  by  the  oxygen  of  ike 
arsenic  add,  and  it  even  inflames  some  of  them.| 

{k.)  Metallic  arsenic,  with  heat,  divides  the  oxygen,  and  both  are 
converted  into  white  oxide. 

{I.)  Iron  JUings,  1  part,  being  distilled  Ufith  4  of  arsenic  add,  the 
iron  bums,  and  both  white  and  metallic  arsenic  are  sublimed. 

(m.)  One  part  of  tin  filings,  and  two  of  arsenic  add  takes  fire  in 
the  same  manner,  and  with  £e  same  result. 

(n.)  One  part  of  zinc  filings,  %dth  twoj^arts  of  dry  add  ofarsenic^ 
by  ignition,  produced  a  violent  inflammation,  and  the  retort  burst.  In 
the  neck  were  found  metallic  arsenic  and  sublimed  oxide  of  zinc. 

(o.)  In  combin(Uion  with  bases ;  the  arsenic  acid§  forms  arseni- 
ates.|| 

General  characters  of  Arseniates. 

1.  The  alkaline  arseniates,  soluble  in  water — ^the  rest  only  spar- 
ingly, but  becomes  more  so  by  an  excess  of  acid. 

2.  Like  the  phosphates,  dissolved  and  decomposed,  without  effer-. 
vescence,  in  diluted  nitric  acid  and  many  other  acids.lT 

3.  Precipitated,  unchanged,  by  pure  ammonia. 

4.  Most  of  them  sustain  ignition  without  decomposition;  but, 
Ignited  with  charcoal,  they  afford  metallic  arsenic;  those  of  th^ 
common  metals,  as  lead  and  copper,  are  easily  reduced  in  a  glass 
tube ;  the  rest  require  a  higher  heat. 


"  Scbeele'a  Essays,  p.  150.  t  Id.  t  Ao.  dc  Chim.  et  de  Phys.  XIX. 

§  It  effervesces  wiih  the  carbonates ;  like  the  phosphates,  the  araeniates,  although 
neutral  in  solution,  crystallize  with  an  excess  of  base. 

II  For  a  particular  account  of  which,  see  Fourcroy  and  Thomson. 
V  Those  are  excepted  which  precipitate  the  base  of  the  salt 
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5.  Soluble  arseniates,  detected  by  the  tests  for  arsenic,  and  the 
insoluble,  after  being  decomposed  by  boiling  with  alkaline  carbonates, 
— the  excess  of  alkali  being  previously  saturated  by  nitric  acid. 

6.  Those  of  lime,  nickel,  cobalt,  iron,  copper,  and  lead,  are 
natural  productions.     (Dr.  Turner.) 

1.  Arseniate  and  Binarseniate  of  Potassa. 

(a.)  !Z%e  neutral  arseniate  does  not  crystallize^  but  \irith  a  slight 
excess  of  acid,  afibrds  fine  crystals.* 

(&.)  They  are  rectangvlar  prisms  of  four  sidesy  terminated  by  very 
short  four-sided  pyramids. 

(c.)  Soluble  in  5  parts  of  water ,  but  insoluble  in  alcohol. 

\dJ)  Composition. — Arsenic  acid^  2  proportions^  124 ;  potassa^ 
oncy  48;  u>ater,  one,  9;=  181. 

T^e  famous  ague  drops  are  a  solution  of  this  salt.f 

(e.)  From  the  arseniate  of  potassa  the  arsenic  add  may  be  dbtamed 
in  purity.  It  is  decomposed  by  acetate  of  lead,  and  the  arseniate  of 
lead  by  sulphuric  add,  digested  upon  it  for  two  hours ;  the  arsenic 
acid  is  liberated,  and  may  be  obtained,  concrete,  by  the  aid  of  heat. 

(/.)  Arseniateof  soda  crystallizes  like  phosphate  of  soda;  efflores- 
ces in  a  dry  air;  taste  cooling ;  soluble  in  four  parts  of  water;  suffers 
the  aqueous  fusion. 

{g.)  Composition. — 1  equivalent  of  soda,  1  of  acid,  and  8  of  water. 
There  is  also  a  binarseniate  of  soda  with  2  equivalents  of  acid,  1  of 
base  and  6  of  water. — Henry. 

The  other  arseniates  present  nothing  particularly  interesting. 

(&.)  The  saltSf  with  a  strong  heat,  are  decomposed  by  the  arsenic 
addy  not  excepting  the  sulphate  of  baryta  ;  and  the  fluates  and  mu- 
riates are  also  decomposed  in  the  same  manner. 

It  win  be  remembered^  that  there  are  three  vitrifiable  adds,  namely, 
(tie phosphoric,  the  boradc,  and  the  arsenic;  which,  m  consequence  of 
their  sustaining  the  heat}  without  volatilization,  and  of  thisir  tendency 
to  vitrify  along  with  bases,  produce  decompositions,  which  would  not 
be  e&cted  by  their  force  of  attraction  merely.  It  is  said,  that  there 
is  a  great  analogy  between  ^e  arseniates  and  the  phosphates,  and 
that  the  correspondmg  salts  are  analogous  m  composition,  and  identi- 
cal in  form.^ 

*  Identical  with  M aquer's  neutral  anenical  salt,  (Scheele,  152,^  which  is  com- 
monly produced,  by  heating  equal  parts  of  nitre  and  white  arsenic  in  a  crndble* 
when  the  oxygen  of  the  nitric  acid  acidifies  the  oxide  of  arsenic,  which  combines* 
in  excess,  with  the  alkali,  and  produces  a  super  or  binarseniate  of  potassa. 

i  (Accum,)  from  one-sixteenth  to  one -eighth  of  a  grain  of  the  crystallized  salt 
is  a  dose ; — it  is  used  in  remitting  fever ;  in  periodical  headach ;  in  dropsy,  and  in 
elephantiasis.  (Murray,  Mat.  Med.  I.  169.)  For  similar  purposes  the  arsenical  so- 
lution of  Fowler,  composed  of  white  oxide  of  arsenic  and  potassa,  has  been  used.  See 
p.  187. 

t  The  remark  in  the  text  is  true  only  in  a  qualified  decree  with  respect  to  the 
phosphoric,  which,  when  pure,  can  be  volatilized.    See  Vol.  I.  p.  424. 

§  Vide  Schcele's  Essays. 
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XVIII.  Detection  of  arsenic,  when  used  as  a  poison  w 
taken  accidentaUy. 

The  white  oxide  of  arsenic  is  a  frequent  instrument  of  death. 

It  is  usually  taken,  either  m  food  or  medicme,  and  the  victim  is 
smitten  with  agony,  before  he  is  aware  of  danger. 

The  white  oxide  of  arsenic  is  moderately  soluble  in  a  variety  of 
fluids,  especially  in  hot  water,  but  more  commonly  it  is  mixed  with 
other  white  powders,  as  sugar,  flour,  magnesia.  Sec.  In  such  cases, 
the  points  to  be  attended  to  are,  commonly,  these. 

1.  The  symptoms  before,  and  the  avpearance  after  death.* 

2.  The  properties  of  certain  powaers  or  drugs,  bdieved  to  have 
been  mixeawith  the  food  or  medtdne;  or  during  life,  rejected  from 
the  alimentary  canal  ;f  or,  detected  in  it  after  death. 

The  symptoms  before,  and  the  appearances  after  death,  being 
similar  to  those  which  result  from  some  other  violent  diseases,  are  not 
entirely  to  be  trusted  ;  and  we  must  resort  to  a  faithful  examination, 
without  which  we  can  form  no  certain  conclusion ;  and  to  determine 
whether  a  substance  presented  is  arsenic,  an  accurate  acquaintance 
with  the  properties  of  this  metal  is  indbpensable. 

1.  If  it  be  arsenic  it  vnll,  tf  placed  on  hot  iron,  wholly  evaporate, 
in  white  fumes;  but  so  will  corrosive  sublimate  and  some  other 
substances. 

2.  If  placed  on  live  coals,  it  will  not  only  sublime,  but,  at  the  same 
time,  unlike  other  sublimates,  emit  a  distinct  smdl  of  garlic,  which  is 
so  characteristic,  that  if  the  arsenic  is  unmixed,  there  is  no  chance  of 
mistake  ;  but,  when  the  odor  is  mixed  with  that  of  animal  and  veget- 
able matter,  it  is  sometimes  so  disguised,  that  tiiis  trial  is  not  decisive. 

3.  If  ever  so  small  a  quantity  of  it  be  mixed  with  three  times  its 
weight  of  black  flux,  in  a  glass  tube,  coated  with  fire  lute,  and  placed 
among  live  coals,  or  even  naked,  over  the  flame  of  a  spirit  lamp,  it  is 
reduced,  and  metallic  arsenic  coats  the  tube  within,  with  an  opaque 
but  stuning  crust.| 


*  "  The  symptoms  produced  by  a  dangerous  dose  of  arsenic  begin  to  appear  in  a 
quarter  of  an  hour,  or  not  much  longer,  after  it  is  taken.  First,  siclmess,  and  great 
dbtress  at  the  stomach,  soon  followed  by  thirst  and  burning  heat  in  the  bowels. 
Then  come  on  violent  vomiting  and  severe  colic  pains,  and  excessive  and  painful 
purging.  This  brings  on  faintings,  with  cold  sweats,  and  other  signs  of  great  debili* 
ty .  To  this  succeed  painful  cramps,  and  contractions  of  the  legs  and  thighs,  and  ex- 
treme weakness  and  death. 

After  death,  the  intestines  are  found  inflamed  and  corroded ;  and  sometimes  in. 
[laminations  and  erosions  of  the  anus  happen  before  death." — Dr.  Black, 

t  Animals  are  eflectually  poisoned  by  inserting  arsenic  in  cuts  made  even  in  the 
extremities ;  it  is  said  that  the  stomach  is,  in  such  cases,  afleeted,  as  if  the  poison  had 
been  received  into  that  cavity. 

t  Push  a  wire  through  the  mixture  so  as  to  open  a  channel,  near  one  side  of  the 
tube,  for  the  vapors  to  escape ;  but  this  is  unnecessary,  provided  the  black  flux  is 
thoroughly  dried  before  it  is  used. 
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4.  The  meiaUie  dnentCf  thus  obtained,  takes  fire,  if  thrown  on  a 
red  hot  iron ;  and  sublimes  in  the  form  of  white  oxide  ;  and  in  both 
cases  with  the  garlic  odor. 

5.  The  minutest  particles  kindle  in  chlorine  gas.* 

6.  If  the  tube  be  clean  and  dry,  that  part  containing  the  newly 
evolved  metallic  arsenic,  may  be  held  a  little  above  the  flame  of  a 
spirit  lamp,  when  the  metal  will  slowly  sublime,  and  become  agam  ox- 
ide of  arsenic,  condensing  in  distinct  and  peculiar  crystals.  Dr. 
Black,  (II.  430,)  from  aae  grain  of  white  oxide  obtained,  in  a  small 
tube,  enough  of  the  metal  to  enable  him  to  perform  all  the  other  ex- 
periments.f 

The  reduction  of  the  arsenic  is  perfectly  decisive,  and  if  this  [Hxx)f 
is  obtained  there  can  be  no  mistake.  There  are  however  other  tri- 
als that  are  useful  auxiliaries. 

1.  File  two  cents  bright,  or  clean  them  with  nitric  acid,  or  take 
two  pieces  of  sheet  copper  an  mch  square,  hammer  them  into  a  form 
a  little  concave,  and  place  in  the  cavity  a  mixture  of  the  substance 
with  black  flux ;  bind  them  together  with  wires,  and  give  then)  a 
dull  red  heat,  for  a  few  minutes,  among  the  coals  :  on  removing  the 
wires,  the  copper  will  be  found  to  be  whitened,  so  as  to  resemble 
lead  or  tin ;  whereas,  this  degree  of  heat  would  completely  dissapate 
mercury,  or  any  other  substance,  capable  of  whitening  the  copper. 

2.  I  am  not  disposed  to  multiply  uncertain  tests  for  arsenic,  and 
shall  therefore  mention  to  the  student  only  those  which,  if  they  do 
not  decisively  du*ect,  may  seriously  aid  the  judgment,  j: 

(a.)  Sulphuretted  hydrogen  appears  to  be  one  of  the  most  impor- 
tant tests  of  arsenic,  if,  to  an  arsenical  solution,  a  saturated  watery 
solution  of  this  gas  be  added,  there  is  a  golden  yellow  precipitate. 
A  stream  of  the  gas  is  said  to  be  still  better,  but  any  excess  of  it 
should  be  expeUed  by  boiling,  as  it  suspends  the  precipitate,  and  U  is 

*  A  striking  experiment  before  a  class.— J.  T. 

t  I  have  repeatedly  obtained  satisfactory  results  with  one-fourth  of  a  grain  of  white 
oxide ;  and  by  operating  in  a  very  small  tube  over  a  spirit  lamp  and  with  extreme 
care,  I  have  succeeded  with  one-tenth  of  a  grain,  and  have  no  doubt  that  even  half 
that  quantity  mfght  answer.  We  are  recently  informed  that  Prof.  Berzelias  finds 
that  !•  100th  part  of  a  grain  is  sufficient.  Dry  charcoal  and  dry  pearlashes  may 
be  substituted  for  black  flux ;  charcoal  alone  would  decompose  the  oxide,  but  it  might 
be  volatilized  before  decomposition,  which  is  prevented  by  the  base  of  the  alkali,  ope- 
rating by  its  affinity  for  the  arsenic,  and  this  would  be  still  more  important,  if  the  sub- 
ject of  experiment  were  the  sulphuret  of  arsenic. 

X  A  full  table  of  the  effects  of  various  chemical  tests  on  arsenic,  dissolved  in  water 
and  various  fluids,  may  be  found  in  Dr.  Coxe's  Dispensatory,  (Ed.  1826,  p.  114.J  I 
am  of  the  opinion,  that  the  principal  use  of  tests  is  in  aiding  the  judgment  oithe 
chemist ;  and  that  before  a  court  and  jury,  nothing  will  or  ought,  in  such  cases,  to  pre- 
vail for  the  condemnation  of  an  accused  person,  short  of  the  production  of  the  metal  it- 
self. This  accords,  at  least,  with  my  own  experience  in  such  trials,  and  I  have  found 
it  useful  to  exhibit  in  court,  tubes,  in  which  arsenic,  known  to  be  such,  had  been  re- 
duced, some  in  fractions  of  grains,  and  in  others  in  grains,  in  order  to  show  both  the 
nature  «nd  certainty  of  the  evidence.  In  cases  of  poisoning  by  arsenic,  satisfactory 
evidence  can  almost  always  be  obtained,  provided  proper  care  is,  seasonably,  taken, 
in  preaerving  and  examining  every  thing,  that  might  create  a  suspicion. 


ARS£N1C.  193 

necessary,  in  both  cases,  that  the  arsenical  solution  should  be  slightly 
acidulated  with  acetic  or  muriatic  acid,  because  the  yellow  precipi- 
tate is  soluble  in  excess  of  alkali.  This  test  is  also  applicable  to  ar- 
senic, when  mixed  with  animal  and  vegetable  fluids,  provided  tliey 
are  previously  boiled,  filtered,  and  acidulated. 

(i.)  The  only  uncertainty  to  which  this  test  is  liable,  is,  that  itprO" 
duces  a  simUar precipitate  with  selenium,  cadmium,  tin  and  antimony; 
but  it  is  not  difficult  to  distinguish  the  sulpburet  of  arsenic  from  that 
of  any  of  these  substances,  because,  by  heating  it  with  black  flux,* 
we  can,  in  the  ways  already  described,!  obtain  the  metal  from  it, 
and  cause  it  to  give  the  alliaceous  odor,  and,  by  a  litde  dexterity  in 
managing  the  heat  of  the  lamp  applied  to  the  part  of  the  tube  con- 
taining tlie  metal,  it  may  be  reconverted  into  white  arsenic,  which 
will  even  crystallize  in  beautiful  octahedra.  Dr.  Turner  thinks  this  test 
is  decidedly  preferable  to  any  other. 

3.  Chromate  of  potassa. — ^This  valuable  test  was  introduced  by 
Dr.  Thomas  Cooper,  President  of  the  College  of  South  Carolina. 

(a.)  The  yellow  solution  of  chromate  ofpotassa  is  turned  green  in 
half  an  hour,  by  the  arsenious  acid,  or  oxide  ;  I  have  often  observed 
the  change  to  take  place,  within  10  or  15  minutes ;  it  is  owing  to  a 
transfer  of  oxygen  to  the  arsenic,  and  the  chromic  acid  is  thus  changed 
into  chromic  oxide,  the  proper  color  of  which  is  greeu.  If,  on  the  addi- 
tion of  ammonia,  the  color  does  not  become  blue,  we  are  certain  that  it 
is  not  copper.  Dr.  C.  confides  in  this  test  to  detect  ^V  of  a  grain  of  ar- 
senic, whether  in  powder  or  in  solution.  For  the  benefit  of  contrast^ 
and  of  diversified  proof,  Dr.  C.  recommends  to  take  5  watch  glasses, 
and  upon  Nos.  1, 2,  and  3  to  place,  in  succession,  solution  of  arsenic, 
of  arseniate  of  potassa,  and  white  oxide  in  substance ;  upon  4,  sppio> 
drops  of  solution  of  corrosive  sublimate,  and  upon  5,  of  copper ; 
then  add  to  each,  a  few  drops  of  chromate  of  potassa ;  in  half  an 
hour,  Nos.  1,  2,  and  3  will  exhibit  ^a  bright  grass  green,  unchange- 
able by  ammonia — No.  4  will  give  an  orange  precipitate,  and  No.  5 
a  green,  which  ammonia  will  convert  to  blue.J  Dr.  Henry  is  the 
only  European  autlior,  so  fai*  as  I  have  seen,  who  has  noticed  tl^s 
test,  which  appears  to  be  one  of  the  best  that  we  possess. 

4.  Bergman^s  test,  or  Scheele*s  green. 

(a.)  To  the  supposed  arsenical  solution,  a  few  drops  of  a  weak 
solution  of  carbonate  ofpotassa  are  added,  and  then  a  Tittle  of  the  so- 


*  It  is  obseTYOil  by  Dr.  Turner,  that  while  carbon  is  the  active  principle  in  redu  ■ 
cingthe  oxide  of  arsenic,  the  alkali  is  chiefly  operative  in  dcconiposiDg  the  sulphurel ; 
its  potassium  unites  with  the  sulphur,  ami  liberates  the  arsenic. 

t  See  Dr.  Christison  in  Edin.  Med.  and  Surg.  Jour. Oct.  1824,  and  Vol.  II, Trail*. 
Med.  Ch.  Soc.  Edin. 

i  Am.  Jour.  Vol.  IV,  p.  160. 

Vol.  II.  2:y 


194  ARSENIC. 

buian  of  sulphate  of  copper^  free  from  iron;  if  arsenic  be  present, 
there  will  be  a  precipitate  of  a  grass  green,  which  will  be  rendered 
more  striking,  by  comparing  it  with  one  obtained  from  sulphate  of  cop- 
per by  fixed  alkali,  without  arsenic,  which  will  be  blue ;  and  also  witli 
onie  obtained,  by  the  same  means,  from  a  known  solution  of  arsenic. 

(i.)  Tkit  experiment  is  toell  performed^  by  using  toith  the  arseni- 
tdl  solution^  an  ammoniacal  solution  of  copper,  made  by  decompo- 
sing sulphate  of  copper  by  ammonia,  till  it  ceases  to  dissolve  any 
thing  more ;  it  wiUgive  the  same  result  as  the  other  tests.  It  will  be 
prcper  to  confirm  these  experiments,  by  trying  the  grass  green  pre- 
cipitate (Ml  burning  coals  for  the  alliaceous  odor,  and  with  black  flux 
for  the  metal. 

(eA  On  the  whole,  this  test  is  a  good  one,  and  when  applied  to  ar- 
MfMetii  solution  in  pure  water,  is  scarcely  liable  to  any  fallacy,  but 
with  some  animal  and  vegetMe  infusions,  it  gives  a  color  simuar  to 
thai  of  Schede^s  green,  although  no  arsenic  is  present,*  and  that  arse- 
nic may  be  suspended  in  small  quantities  in  tea  and  porter,  and  other 
mixed  fluids,  without  being  discovered  by  Bergman's  test,  because 
there  are  aflSnities  between  the  arsenic  and  the  vegetable  principles; 
for  instance,  a  free  acid  or  tannin,  or  perhaps  some  of  the  animal 
principles. 

6.  Nitrate  of  silver. — Much  has  been  said  of  this  test,  as  intro- 
duced by  Mr.  Hume,  and  modified  by  Mr.  Sylvester,  Dr.  Marcet, 
and  others,  but  there  are  so  many  conditions  attached  to  its  use,  and 
it  is  liable  to  so  many  ambiguities,  that  I  do  not  think  it  worth  while 
to  recite  them.f 

The  best  form  appears  to  be  to  decompose  nitrate  of  silver,  by 
ammonia,  which  will  dissolve  the  oxide  and  we  should  stop  when 
there  is  some  of  the  oxide  remaining  undissolved ;  this  insures  us 
against  an  excess  of  ammonia.  If  this  solution  is  dropped  into 
one  of  arsenic,  a  yellow  arsenite  of  silver  is  precipitated,  the  am- 
monia going  into  union  with  the  nitric  acid ;  phosphate  of  silver,  that 
might  be  formed  from  soluble  phosphates  present  in  tlie  fluid,  is  dis- 
solved by  the  ammonia,  so  as  not  to  interfere  with  tlie  arsenical 
precipitate  of  silver,  and  as  the  ammonia  just  saturates  the  nitric 
acid,  it  will  not  dissolve  the  arsenite  of  silver.  Still,  the  presence 
of  the  muriates,  or  of  animal  and  vegetable  infusions,  may  prevent 
the  arsenite  of  silver  from  precipitating,  or  from  exhibiting  its  pecu- 
liar color. 


•  Thii  if  stated  to  be  the  fact  with  a  strong:  fnfuFion  of  onions,  in  which  aikalt  and 
sulphate  of  copper  are  said  to  produce  a  precipitate  like  Schectc's  green ;  but  this  is 
imputed  to  the  medium — (he  green  hydrate  of  copper  being  won  tlirough  the  brown 
color  produced  by  the  action  of  alkali  on  the  vegetable  in  fusion. —Murray,  Elcni. 
Vol.  II.  p.  243. 

f  See  Dr.  Henry,  Dr.  Turner,  and  Mr.  Murray. 
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6.  £Ame  water ^  added  in  excess  to  a  soltUion  of  arsenious  addj 
produces  a  white  precipitate  of  arsenite  of  limCj  (Dr.  Turner,)  but 
the  precipitate  scarcely  appears  in  an  oleagmous  or  gelatinous  fluid, 
and  seems  to  be  of  little  value  unless  the  arsenite  can  be  obtained 
dry,  and  unless  metallic  arsenic  can  be  made  to  appear  upon  it  by 
heating  it  in  a  glass  tube,  with  black  flux  by  a  spirit  lamp. 

There  are  other  objections  to  this  test,  and  it  appears  to  possesss 
no  peculiar  advantages. 

7.  The  iodide  oi  potassium  or  Iwdriodate  of  potassa  has  been 
proposed  by  Prof.  Emmet  as  a  test  for  arsenic* 

It  produces  a  white  precipitate  both  with  the  arsenites  and  with  ar^ 
senious  acid.  This  precipitate  is  changed  to  brown,  purple,  or  black, 
by  strong  nitric  acid.  Sulphuric  acid  produces  the  same  efiect  if 
aided  by  heat,  and  a  bright  yellow  in  the  cold,  and  strong  muriatic 
acid  gives  the  same  color.f 

Where  arsenic  is  mingled  with  the  contents  of  the  stomach,  the 
whole  should  be  evaporated  to  dryness  at  a  heat  below  that  of  boiling 
water,  and  then  digested  with  strong  nitric  acid,  which  at  once  dissi- 
pates the  organic  matter  and  leaves  the  poison  m  the  state  of  arsenic 
acid ;  a  similar  result  is  obtamed  by  deflagradon  vnih  nitrate  of  po- 
tassa, and  the  tests  can  then  be  applied.^ 

For  additional  particulars  respecting  the  discovery  of  arsenic,  and 
the  treatment  bom  before  and  after  death,  the  reader  may  consult 
Orfila's  work  on  poisons,  and  Ure's  Diet.  2d  edition. 

It  is  stated  that  such  is  the  antiseptic  power  of  arsenic,  that  the 
whole  body  has  been  preserved  by  it,  and  the  stomach  and  intestines 
have  remained  firm  and  entire  to  periods  extending  from  five  to  thirty 
months,  and  m  some  of  these  cases  the  poison  has  been  even  di:^ 
covered.<§ 

XVIII.  Uses — ^Dangers — Remedies. 

(a.)  In  svhstance\\  and  in  solution  j  especially  in  the  form  of  arsen- 
ite and  arseniate  of  potassa^  much  used  in  very  smaU  doses  in  inters 
mittent  fevers. 


•  Seo  Am.  Journal  of  Science,  Vol.  XVIII.  p.  68. 

t  Bnienatelli  uses  recent  starch  of  wheat  thickened  by  boiling ;  iodine  is  idded 
till  it  is  Dlue,  and  then  water  until  it  is  azure,  when  an  aqueous  solution  of  ar- 
senic changes  it  to  reddish  hue  and  finally  discharges  the  color.  Solution  of  corro- 
sive  sublimate  produces  similar  changes,  but  sulphuric  acid  more  than  restores  die 
blue  color,  which  it  fails  to  do  in  the  case  of  arsenic. 

X  Dr.  Hare  prefers  the  nitrate  of  silver. 

(  Edin.  Phil.  Jour.  Vlll.  SSI,  quoted  by  Prof.  J.  W.  Webster  in  his  Manual 

|!  Oxide  of  arsenic  2  grs.  powdered  opium,  S,  castile  soap,  22,  formed  into  a  mass, 
and  divided  in  S2  pills,  U.  S.  Phar.  or  1  gr.  arsenic,  10  sugar,  and  bread  enough  to 
ibrm  10  pills,  of  which  1  is  a  dose. 
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(6.)  By  the  Orientals^  said  to  be  used /or  the  poison  of  venomous 
animals,  and 

fc.)  By  Europeans,  externally  to  cure  ulcers  and  cancers. 
d.)  At  first  an  empirical  remedy;  afterwards  adopted,  to  a  degree, 
by  the  faculty;  10  grs.  of  the  white  oxide  are  dissolved  in  1  oz.  of 
water,  and  it  is  applied  with  a  pencil.  Arsenical  remedies  must, 
however,  be  used  with  caution,  as  they  sometimes  affect  the  whole 
system.* 

In  cases  of  poisoning  by  arsenic,  it  should  be  evacuated  if  possible, 
by  a  mild  and  quick  emetic  and  cathartic,  as  white  vitriol  and  Glaub- 
er's salts.  It  is  usual  to  give  abundance  of  milk  and  oil.f  Copi- 
ous draughts  of  warm  water  and  mucilaginous  drinks  are  thought  to 
be  preferable. 

Aqueous  solution  of  sulphuretted  hydrogen  and  alkaline  sulphurets, 
mitigate  the  poison,  if  in  solution,  but,  they  are  not  often  in  readiness, 
and  they  scarcely  affect  the  arsenic  in  substance. 

When  the  dose  is  not  fatal,  it  commonly  entails  on  the  sufferer,  ex- 
treme debility  and  irritability,  both  general,  and  of  the  intestinal  ca- 
nal ;  and  paralysis,  with  a  ruined  constitution,  is  die  usual  result. 

These  effects  are  produced  even  upon  miners,  who  are  much  em- 
ployed among  the  fumes  of  arsenic. 

It  appears  that  intermittent  fevers,  formerly  arising  from  the  marshes, 
have  ceased  in  Cornwall,  since  the  copper  smelting  works  have  been 
established,  and  the  hnpression  of  the  workmen  is,  that  the  fumes 
kill  all  fevers.  It  is  said  that  in  Cornwall  and  Wales,  horses  and 
cows  within  reach  of  the  fumes  loose  their  hoofs,  and  the  cows  are 
sometimes  seen  crawling  about  on  their  knees,  have  a  cancerous  af- 
fection in  their  rumps,  and  that  the  milch  cows  loose  their  milk.  The 
miners  and  smelters  use  sweet  oil  as  their  antidote,  and  it  is  keptcon- 
standy  provided  for  them. J 

{e.)  In  glass  makings  to  aid  in  discharging  color ;  in  producing 
white  enamel  and  white  Ggures  on  porcelain,  and  in  a  modem  imita- 
tion of  porcelain  ;  large  quantities  of  arsenic  are  used  in  the  Boston 
glass  manufactories,  and  it  has  now  become  an  object  to  roast  the  nu- 
merous arsenical  ores  of  this  country  for  the  extraction  of  the  arsenic. 


•  Murray's  Mat.  Med.  I.  374. 

t  Doubts  however  are  entertained  of  the  propriety  of  this  practice,  as  the  acid  of 
the  arseaic  may  coagulate  the  milk,  and  the  oil  ha«  been  thought  to  favor  its  action. 
Murray's  Mat   Med.  I    170,  mu\  RI.  H.  1:;o.  i  C'ox«'s  Dispen., 
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XXin.  Cobalt. 


I.  History.— £mp{oyecI  in  Europe,  as  early  as  thejifteenth  cen^ 
iuryfar  the  purpose  of  tinging  glass  blue  ;  but  the  minerals  used  for 
that  purpose  were  not  known  to  contain  a  peculiar  metal  till  it  was 
discovered  by  Mr.  Brandt,  a  Swedish  chemist,  A.  D.  1733.  Many 
chemists  have  since  added  to  our  knowledge. 

II.  Properties. 

(a.)  Color,  steel  gray,  or  if  pure,  nearly  tin  white  ;  when  tarnish^ 
ed  it  has  a  tinge  of  red;  dull,  lilce  cast  iron ;  structure,  usually  gran- 
uiar,  sometimes  laminated  or  fibrous. 

(6.)  Brittle,  and  easily  pulverized;  hard;  nearly  without  taste 
and  smell. 

(c.)  Melts  at  a  degree  of  heat  not  under  130^  of  fV.  and  requires 
more  heat  than  cast  iron ;  by  slow  cooling,  it  crystallizes  in  irregular 
prisms. 

(d.)  Sp.  gr.  8.638. 

(e,)  It  does  not  evaporate  with  any  heat. 

(/. )  Magnetic,  but  inferior  in  energy  to  iron ;  a  magnetic  needle 
has  been  made  firom  it,  (H.)  Its  magnetism  was  formerly  attributed  to 
iron ;  but  it  is  magnetic,  when  purified  from  every  trace  of  that  metal. 

lU.  Relation  to  Oxtgen. 

1.  Combustibility. 

(a.)  Slowly  oxidized  by  heat  and  air,  and  becomes  a  blue  oxide ; 
deepening  until  it  is  nearly  black,  and  an  intense  heat  melts  it  into  a 
black  blue  glass.* 

(6.)  In  the  focus  of  the  compound  blow-pipe,  it  even  bums,  bril- 
liantly, with  a  rich  red  or  purple  flame,  and  die  oxide  rises  in  the  cur- 
rent of  hot  air. 

2.  There  are  two  oxides  of  this  metal. 

{a.)  The  ^otoxide  is  formed,  by  stror^  heat,  and  free  access  of  air, 
asjjust  described  ;  and  from  the  muriate  or  nitrate  of  the  protoxide,f 
t^  is  precipitated  by  potassa  or  soda,  in  the  form  of  a  blue  hydrate, 
it  is  properly  of  an  ash  gray  color,  although  the  cobaltic  salts,  in  which 
it  exists,  are  generally  of  a  pink  hue. 

(&.)  Uie peroxide  is  black  ;  it  is  formed  by  exposing  the  protoxide 
to  the  air,  from  which,  especially  when  aided  by  ignition,  it  rapidly 
absorbs  oxygen,  and  becomes  first,  olive  green,  and  ultimately  black  ; 
tills  oxide  exists  on  some  of  tlie  cobalt  ores. 

(c.)  By  a  stronger  heat  (a  cherry  red  continued  for  half  an  hour,) 
oxygen  is  expelled,  and  it  is  reduced  to  protoxide. 

The  peroxide  cannot  combine  with  acids,  or  produce  a  blue  color 
in  glass  and  fluxes,  until  by  losing  oxygen,  it  has  become  protoxide. 


*  Four.  V  195.  \  The  acids  unite  only  wiOi  the  protoxide  of  \\\U  metal. 
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(rf.)  Composition  of  the  oxides. — Not  yet  exactly  settled.  Tbotn- 
lon  places  the  equivalent  of  the  metal  at  26,  and  Rotboff*  at  30 ; 
tccording  to  the  latter,  the  oxygen  in  the  protoxide  is  to  that  in  the 
peroxide  as  1  :  1.5  or  as  2  :  3,  and  if  30  be  admitted  as  the  equiv- 
alent of  the  metal,  that  of  the  protoxide  will  be  38,  and  of  the  per- 
oxide 42.f 

IV.  Combustibles. 

(a.)  The  stdphuret  may  be  formed  directly  by  fusion,  but  it  is  not 
easy  to  succeed. 

Uf.)  By  heating  the  metal  with  an  alkaline  stdpkuret. 

(c.i  Color  J  yeUotoish  white,  displays  the  rudiments  of  crystals,  and 
is  witn  difficulty  decomposed  by  heat. 

2.  The  phosphuret  isformedj 

(a.)  By  throwing  phosphorus  on  the  ignited  metal. 

(&.)  Or,  by  heating  cobalt,  m  contact  with  the  vitreous  phosphoric 
acid  and  charcoal.^ 

(c.)  It  is  whitish  and  brittle ;  more  fusible  than  the  metal;  becomes 
tambhed  by  the  air  and  loses  its  phosphorus  by  heat,  while  the  cobalt 
is  oxidated. 

V.  Chlorine  gas  bums  the  fine  powder  of  cobalt  producing  a 
white  flame ;  and  a  chloride,  litde  known,  is  the  result. 

VI.  Acids. — AU  the  acids  attack  either  cobalt  or  its  oxide. 

1 .  The  strong  sulphuric^  with  ebullition^  oxidates  and  dissolves  the 
metal;  sulphurous  acid  gas  is  evolved  and  a  reddish  cobred  salt§ 
formed.  The  oxide  is  dissolved,  without  decomposing  the  acid. 
The  crystals  are  acicular  rhomboidal  prisms,  soluble  in  24  parts  of 
water. 

2.  The  NITRIC  ACID  dissolves  this  metal,  with  effervescence  of  ni- 
tric oxide  gas. 

(a.)  Arrangement. \\ — Metal  1  part,  acid  5  or  6,  placed  in  a  flask 
over  a  lamp,  tiU  dissolved ;  leave  it  at  rest,  and  then  decant  the  fluid ; 
evaporate  to  one  half  the  volume  and  obtain  crystals ;  at  or  near  sat- 
aradon,  the  solution  has  a  brown  rose  color  or  a  bright  green.  It 
is  from  the  nitrate  that  the  oxide  of  cobalt  is  usually  precipitated  for 
enamel  and  porcelain.lF 

{b.)  The  nitrate  of  cobalt  is  decomposed  by  heat,  and  leaves  a  de^ 
red  powder. — Potassa  precipitates  it  blue,  which,  in  a  close  vessel, 
becomes  violet  and  red,  and  is  soluble  in  cold  carbonate  of  potassa. 
Cobaltic  solutions  are  precipitated  by  carbonated  alkalies,  first  peach- 


flower  red,  and  afterwards  lilac.  (H.) 


iDy< 


•  Aim.  PhUos.  HI.  866. 

t  It  is  aereed  however,  Uiat  the  subject  needs  further  investigation. 

X  Four,  y,  p.  197.  §  According  to  Dr.  Thomson  it  is  a  bisulphate. 

jl  Accum,  II,  p.  86.  IT  Four.  V.  p.  199. 
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3.  The  muriatic  acid  scarcely  affects  the  metalj  but  readily  dis- 
solves the  oxide. 

(a.)  The  niiro-muriaiic  add  acts  upon  the  metal  with  energy^  and 
the  result  is  muriate  of  cobalt. 

(6.)  It  is  easily  formedj  by  dissolving  oodde  of  cobalt  in  muriatic 
add;  if  the  peroxide  is  used,  the  excess  of  oxygen  will  cause  the 
disensag^ent  of  chloriue. 

(c.)  The  muriate  of  cobalt  does  not  crystallize:  the  concentrated 
solution  is  blue;^  when  diluted  it  is  rose  red. 

4.  Sympathetic  ink. — ^This  name  has  been  given  to  certain  metal- 
lic solutions,  which,  in  a  diluted  state,  are  so  nearly  colorless,  that  we 
can  write  or  draw  on  paper,  without  having  the  traces  visible.  The 
solutions  of  cobalt  are  very  liable  to  change  color  when  heated,  and 
the  muriate  is  the  most  remarkable. 

(a.)  It  is  usually  prepared  from  the  nitrate^  as  follows.  Digest 
cobalt,  1  part,  and  nitric  acid  4,  and  when  the  solution  is  finished, 
add  1  part  muriate  of  soda  and  16  of  water.  It  thus  becomes  a 
muriate  of  Cobalt. 

{b.)  Nitrate  of  cobalt\  is  easily  made  by  dissolving  1  part  of 
Zaffire  in  2  of  diluted  nitric  add. 

This  solution^  ifpure^  is^  when  concentrated^  of  a  fine  blue,  although 
owing  to  iron  it  ts  usually  green,  but,  when  largely  diluted,  it  is  pale 
rose  red  or  pink.  Writing,  done  on  a  clean  paper  with  this  ink  is  in- 
visible in  the  cold,  but,  by  a  gentle  heat,  assumes  a  beautiful  pea  green 
color,  or  blue,  if  no  iron  is  present;  in  either  case,  it  loses  color  as  it 
cools,  and  thus  it  may  be  made,  alternately,  to  appear  and  disappear, 
many  times,  in  succession.  Paper  fire  screens  are  sometimes  adorn- 
ed by  drawings  of  trees,  whose  trunks  and  leafless  branches,  are  sketch- 
ed in  India  ink  or  other  appropriate  colors,  (a  winter  scene,)  and  the 
foliage  is  made  with  the  invisible  solution  of  cobalt;  on  bringing  it 
near  to  the  fire,  the  green  leaves  at  once  appear,  (and  spring  returns.)  J 

(c.)  A  blue  sympathetic  ink  is  formed,  by  saturating  acetic  acid  or 
vinegar  with  oxide  of  cobalt,  and  adding  i  of  common  salt. 

*  Sometimes  green  from  the  presence  of  iron. 

f  The  oxide  of  cobalt,  being  made  for  tlie  arts,  can  be  obtained  from  London ;  I 
find  this  the  most  convenient  substance  for  preparing  the  cobaltic  salts,  and  the  sym- 
pathetic ink  is  made  from  it,  merely  by  dissolving  it  in  muriatic  acid,  without  any  ad- 
dition except  water  to  dilute  it.  Zaffre  can  be  obtained  in  New  York,  and  answers 
very  well  for  sympathetic  ink ;  if  it  is  dissolved  in  nitro-muiiatic  acid,  it  needs  noth* 
log  but  the  requisite  dilution.  Smalt,  I  find,  does  not  give  up  its  cobalt  to  acids,  and 
sympathetic  ink  cannot  be  made 'from  it. 

t  The  usual  theory  has  been,*  that  moisture  dissolves  and  renders  the  cobaltic  salt 
invisible;  drying  causes  it  to  appear,  and  steam  or  the  breath,  or  even  the  vapor 
of  the  air,  to  disappear.  But  the  changes  of  color  sometimes  happen  in  the  fluid 
itself,  (Murray) ;  and  the  effects  take  place,  even  if  the  paper  be  enclosed  in  a  bottle 
and  this  immersed  in  hot  water ;  the  color  fades,  as  the  water  cools,  and  returns  when 
it  is  heated,  (Fourcroy) ;  therefore  it  is  supposed  that  it  is  not  moisture  only,  but  tliat 
it  is  owing  to  diflferent  states  of  oxygenation ;  the  subject  is  still  to  a  degree  obscure. 
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(d.)  A  greenish  yellow  ink,  is  produced,  by  adding  a  litde  nitrate  of 
copper  to  mc  muriate  of  cobalt,  and  also  a  little  muriate  of  soda  or  of 
magnesia  or  lime ;  both  these  inks  are  to  be  used  like  tlie  muriate  of 
cobalt,  always  observing  not  to  heat  the  paper  too  much,  lest  it  should 
be  corroded  and  the  color  fixed. 

5.  Probably  all  the  acids  ipould  dissolve  the  oxide  of  cobalt  and  form 
peculiar  salts;  but  they  are  not  sufficiently  important  to  be  named. 

It  may  be  worthy  of  remark  that  phosphate  of  soda  and  muriate 
of  cobalt  give  a  lilac  precipitate,  which  being  mixed  with  8  parts  of 
fresh  precipitated  alumina  and  dried,  forms  a  blue  pigment  that  may 
be  substituted  for  ultramarine.^ 

Oxalic  acid  gives,  with  cobaltic  solutions,  a  rose  colored  precipi- 
tate; prussiate  of  potassa  a  grass  green;  borax  a  pink,  and  hydro- 
sulphurct  of  ammonia  a  black. 

VII.  The  alkalies  have  no  action  on  tlie  metal ;  they  are  era- 
ployed  to  precipitate  its  oxides  from  solutions  in  acids,  and  the^  readi- 
ly dissolve  them;  ammonia  dissolves  zafier  and  gives  a  fluid  of  a  beau- 
tiful red  color. 

VIII.  The  salts. 

(a.)  At  a  high  temperature,  the  nitrates  burn  this  metal,  without 
detonation  or  name,  and  convert  it  into  an  oxide ;  and  tlie  oxide  of 
cobalt  is  thus  prepared  for  enamels,  pottery  and  porcelain.f 

(i.)  Chlorate  of  potassa,  3  parts,  and  cobalt,  in  powder,  by  per- 
cussion, produce  detonation* 

IX.  Earths. 

(a.)  Ab  action  with  cobalt;  a  very  interesting  one  unth  its  oxide, 
especially  in  the  case  of  silex,  to  which  the  oxide,  by  fusion,  imparts 
a  rich  blue  color,  sometimes  with  a  shade  of  purple. 

(6.)  Borax  is  commonly  used  for  the  detection  of  cobalt;  by  fusion 
with  this  salt,  the  characteristic  blue  color  is  instantly  produced,  and  if 
die  shade  is  too  deep  to  be  observed,  it  must  be  diluted  with  more  bo- 
rax and  melted  again.  When,  however,  iron  greatly  predominates, 
as  in  some  of  the  arsenical  cobalt  ores,  borax  does  not  acquire  the  blue 
color,  but  rather  a  greenish  or  reddish  hue,  and  the  iron  must  be  first 
removed  before  borax  will  answer  in  the  usual  manner.| 

*  Henry,  and  Eng.  Quart.  Jour.  XV,  381.  This  pigment  is  called  cobalt  bJue^  io 
ihe  shops ;  by  means  of  the  blow-pipe,  it  is  easily  distinguished  from  the  real  ultra 
marine  :  the  spurious  color  turns  black  by  the  application  of  heat — J.  T. 

t  Four.  V,  202. 

t  Prof.  Dana  in  Am.  Jour.  Vol.  VIII.  p.  302.  In  the  arsenical  cobalt  ore  Y>f  Fran- 
conia,  New  Hampshire,  there  is  so  much  iron  that  the  borax  does  not  acquire  from 
it  the  blue  color,  and  yet  its  presence  is  demonstrated  by  roasting  the  mineral,  dis- 
solving it  in  nitric  acid,  evaporating  to  dryness  and  dissolving  again,  and  evaporating 
to  separate  the  peroxide  of  iron  ;  now  a  peach  colored  dciMMit  is  observed,  and  this, 
dissolved  by  a  globule  of  ignited  borax,  imparts  to  it  the  blue  color.  The  nitric  so- 
lution of  this  mineral,  treated  with  common  salt.  ;>avc  the  rose  colored  sympathetic 
ink,  which  became  preen  hy  heat. 
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(c.)  Zaffire  is  oxide  of  cobalt ^  mixed  with  pulverized  fiinU  It  is 
prepared  in  Saxony*  by  roasting  the  arsenical  cobalt  m  an  oven- 
shaped  reverberatory,  the  flame  of  wood  playing  on  the  ore,  and  the 
arsenical  fumes  are  condensed  in  layers ;  in  a  square,  winding,  or  zig- 
zag horizontal  box  or  chinmey  of  boards,  sometimes  six  hundred  feet 
long ;  the  odor  of  the  arsenic  is  sometimes  perceived  at  the  other 
end.f  The  oxide  of  cobalt,  mixed  with  the  iron  which  it  contained, 
is  ground  to  powder,  calcined  again,  and  again  ground,  sifted  and 
mixed  with  2  parts  of  powdered  flint  or  quartz  ;|  it  is  then  mois- 
tened and  it  becomes  very  hard,  but  it  easily  gives  up  its  oxide  to  the 
nitric  acid.     Its  color  is  gray. 

(d,)  Snudt  is  a  glass j  colored  blue  by  oxide  of  cobalt. 

The  proportions^  vary  with  the  richness  of  the  ore ;  on  an  aver- 
age, equal  parts  of  the  calcined  and  roasted  ore,  of  ground  flints  and 
potash,  are  fritted  together  and  then  fused  into  glass  ;||  while  still  fluid, 
it  is  ladeled  into  cold  water  to  crack  it,  and  it  is  then  ground  in  a 
miU  made  of  two  very  hard  stones,  inclosed  in  a  wooden  case  or  in 
a  cask ;  the  grindmg  is  laborious  and  difficult.  Smalt,  in  flakes,  is  a 
very  splendid  blue  glass. 

(e.)  Powder  blue  is  snuUtj  ground  fine.  The  smalt  is  obtained  of 
different  degrees  of  fineness,  by  agitating  the  powder  m  casks  filled 
with  water,  and  pierced  with  three  openings,  at  different  heights.lT 

X.  Metals. — Cobalt  forms  alloys  vnth  most  of  the  metals  and 
generally  renders  them  granulated  and  britde.  It  is  extremly  diffi- 
cult to  separate  it,  entirely,  fi:om  iron  and  from  nickel.  It  does  not 
unite  with  bismudi  or  zinc,  and  scarcely  with  silver  and  mercury. 
It  is  easily  alloyed,  and  in  various  proportions,  with  gold,  platinum, 
copper,  tin,  iron,  nickel  and  arsenic. 

Al.  PoLAMTY. — From  analogy,  electro  positive. 

XU.  Natural  History. 

1.  The  only  important  ore  of  cobalt  is  the  arsenical.  By  heat,  it 
exhales  arsenic,  with  the  usual  cloud  and  fumes,  and  oxide  of  cobalt 
remains.    There  are  three  varieties  of  this  ore. 


*  Aim  in  Bohemia,  Silesia,  Lorrain,  Wirtemberg  and  Austria. 

t  The  arsenic  is  detached  **  by  criminals  who  are  condemned  to  this  work  for 
crimes  that  by  law  deserve  death."  (Chaptal's  Chem.  298.)  In  this  manner,  most 
of  the  white  oxide  of  arsenic  of  commerce  is  obtained. 

t  Added  as  is  said  for  concealment,  the  exportation  of  the  purer  oxide  being  pro- 
hibited.—dSa»fu'  Diet 

§  1  part  oxide,  1  potash,  and  3  white  sand,  (Chaptal^s  Chem.  296 ;)  as  much  pot- 
ash as  sand.     (Th^nard.) 

II  At  the  bottom  of  the  pots,  bismuth  is  said  to  be  always  found,  as  it  is  often  mixed 
with  the  ores  of  cobalt. 

II  The  water  of  the  first  cock  carries  out  the  lightest  blue,  which  is  called  azure  of 
the  first  fire ;  the  heavier  particles  fall  more  speedily ;  and  the  powder  brought  out 
at  the  three  jets,  forms  what  is  called  tho  azure  of  the  first,  second,  and  third  fire. 

Vol.  II.  26 


202  COBALT. 

(a.)  7^  bright  white. — ^It  crystallizes  in  cubes  and  modifications 
of  that  figure ;  structure  lamellar.  Sp.  gr.  6.3 — 6.5.  Its  compo* 
aition  is,  cobalt  44.  arsenic  55.  and  sulphur  .50. 

(i.)  The  grey. — Fracture  even  or  granular;  hard  and  britde; 
never  crystaUizes.  Sp.  gr.  5.5.  Composition,  cobalt,  33.10,  ar- 
senic, 43.47,  iron,  3.02,  sulphur,  20.08. 

{cA  Tin  white. — ^Its  crystals  are  very  similar  to  those  of  fa.,)  frac- 
ture nne  grained  and  uneven,  with  metallic  lustre,  brittle,  nard;  sp. 
gr.  7.3 — 7.7.  Gives  arsenical  vapors  with  great  facility,  but  melts 
only  partially.  Composition,  cobalt,  20.31,  arsenic,  74.21,  iroui 
3.42,  copper,  .15,  sulphur,  .88. 

2.  There  is  a  iulphuret  of  cobah.-^oloty  yellowish  grey ;  com- 
position, cobalt,  43.2,  sulphur,  38.5,  copper,  14.4,  iron,  3.53 ;  it  is 
very  rare. 

3.  TAe  oxide  of  cobalt  is  found  as  a  black  powder,  mixed  with 
other  ores  of  this  metal. 

4.  Salts  of  cobalt. 

(a.)  The  arseniate. — ^In  a  peach  blossom  eflorescence,  or  in  prisms ; 
by  fusion,  it  tinges  borax  of  a  beautiful  blue. 

(i.)  The  sulphate. — Pale  rose  red,  investing  other  minerals,  or  in 
red  sudactites.  These  red  appearances  are  very  characteristic  of 
cobalt,  but  may  be  mistaken  for  manganese ;  the  blowpipe,  with  bo- 
rax, will  however  distinguish  them,  as  already  described. 

XIII.  Reduction. 

(a.)  The  oxide  (obtained  by  roasting  the  arsenical  ore,)  1  part,  is 
mixed  vnth  3  of  black  flux,  1  of  dry  sea  salt,  and  i  a  part  of  resin ; 
heat  b  gradually  applied  in  a  crucible  placed  b  a  furnace,  till  the 
materials  are  white  not  and  the  cobalt  is  reduced. 

(6.)  Zaffre  may  be  substituted ;  process  similar ;  the  silex  may 
be  previously  wasned  away,  to  diminish  the  labor. 

(c.)  Detonate  zaffre,  three  times  successively,  vnth  one  fourth  of  dry 
nitre  and  one  eighth  of  charcoal  powder;  then  add  an  equal  toetgrn 
of  black  flux  and  proceed,  as  above,  till  the  metal  is  reduced.  To 
get  rid  of  the  iron,  the  pulverized  metal  is  detonated  with  three  times 
Its  weight  of  dried  nitre ;  the  iron  becomes  peroxide,  and  the  arsenic 
becomes  acid  and  unites  with  the  potassa.  The  alkaline  arseniate  is 
washed  away  by  water,  and  from  the  residuum  cobalt  is  taken  up  by 
nitric  acid,  which  leaves  the  iron  ;  evaporate  to  dryness ;  redissolve 
in  nitric  acid ;  filter ;  decompose  by  potassa,  and  reduce  the  oxide 
by  black  flux.— (H.) 

(d.)  Oxalate  of  cobalt,  heated  in  a  retort,  from  which  the  air  is  ex- 
cluded, emits  carbonic  acid  gas,  and  leaves  metallic  cobalt  in  the  form 
of  a  black  powder.*    The  oxalate  is  easily  formed,  by  mingling  ox- 
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alate  of  ammonia  and  nitrate  of  cobalt ;  or  it  may  be  obtained  pure, 
by  dissolving  zaffie  m  muriauc  acid,  and  precipitating  the  arsenic,  in  the 
form  of  orpiment,  by  a  current  of  sulphuretted  hydrogen  gas ;  the  fil- 
tered liquor,  being  boiled  with  a  little  nitric  acid  to  turn  the  iron  into 
peroxide,  is  decomposed  by  carbonate  of  potassa,  and  the  washed 
precipitate  being  digested  with  a  solution  of  oxalic  acid,  a  soluble  ox- 
alate of  iron  is  removed,  and  the  insoluble  oxalate  of  cobalt  remains.* 

XrV.  Uses. — The  most  important  have  been  merUioned. 

It  is  the  only  blue  color  which  will  endure  in  a  furnace  fire ;  the  ul- 
tra marine  is  totally  destroyed. 

Its  power  is  such,  that  1  part  of  the  oxide  will  give  a  full  blue  to 
240  of  glass,  (Aikins,)  and  when  melted  by  itself,  the  globule  is  so 
mtensely  blue,  that  it  is  opake  except  on  the  thinnest  edges. 

Smalt  is  used  by  the  sign  painters ;  in  the  form  of  powder  blue, 
by  the  laundresses,  who  mix  it  with  starch  ;  and  in  the  preparation 
of  cloths,  laces,  paper,  linens,  muslins,  threads,  he.  to  impart  a 
delicate  blue,  or  to  conceal  some  other  tint. — Chaptal. 

It  has  been  abready  mentioned,  that  it  is  used  in  painting  on  par^ 
cetaiuy  and  the  imitations  of  it.f 

The  finer  kinds  of  porcelain  are  Panted  with  the  oxide  of  cobalt, 
prepared  durectly  firom  the  metal.  The  blue  enamel  is  formed  firom 
smalt.J 

Remarks. 

Gray  cobalt  is  found,  in  considerable  quantity,  at  Chatham,^  Conn. 
It  is  there,  as  is  usual  elsewhere,  associated  with  nickel. 

It  is  found  also  in  the  arsenical  iron  of  Franconia,  N.  H.  and  the 
discovery  of  cobalt  in  that  ore,  after  it  had  failed  to  affect  ignited  bo* 
rax,  should  lead  to  a  more  careful  examination  of  the  arsenical  pyrites 
which  are  so  abundant  in  this  country,  as  it  is  possible  that  they  may, 
in  various  cases,  contain  this  metal. 

It  would  appear,  tliat  cobalt  is  generally  present  in  meteoric  iron,  as 
Prof.  Stromeyer  has  detected  it  in  a  specimen  from  the  Cape  of 
Good  Hope, II  and  in  every  aerolite  that  he  has  examined. 

Cobalt  is  not  used  in  medicine,  and  the  metal  is  unknown  m  com- 
mon life.  Its  name  is  said  to  be  derived  from  Cobdlusj  the  supposed 
demon  of  mines,  who  thwarted  and  destroyed  the  miners,  and  thiB 
metal  appearing,  at  first,  mysterious  and  untractable,  was  nick  named 
cobalt. — Dre. 


*  Laugler. 

t  Some  of  it  has  a  richness  of  color,  far  surpassing  all  oAer  works  of  the  peqeU, 
This  is  {wrtieQlarly  remarkable  in  the  Saxon  porcelain. — Bl.  II.  p.  601. 

t  It  is  not  an  oil  color,  which  limits  its  use,  and  in  painting,  it  cannot  be  subeti* 
toted  for  ultra  marine.         §  Six  miles  East  of  Middletown,  near  Coonecticut  rivor. 

II  Thomson's  Aon.  \i.  p.  849* 
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Sec.  XXlV. — Antimony. 

I.  Nam£. — lu  Liatin,  stMum :  the  metal  was  anciently  called  reg- 
ulus*  of  antimony  in  distinction  irom  the  sulphuret,  which  was  form- 
erly, and  is  still  named  crude  antimony. 

II.  History. — ^The  ancients  knew  only  the  most  common  ore  of 
antimony,  widiout  being  able  to  extract  the  metal.  The  alchemists, 
in  pursuit  of  gold  and  the  alcahest  and  the  catholicon,  tortured  this 
metal  with  acids,  alkalies  and  fire,  and  thus  made  many  of  its  proper- 
ties known.f 

III.  Natural  History  and  Extraction. 

1 .  It9  ores. 

(a.)  Among  the  rarities  of  cabinets,  we  find  white  oxide  of  antimo- 
ny and  the  red  sulphuretted,  or,  as  formerly  supposed,  hydro-sulphur^ 
eiied  oxide^  and  the  antimonial  ochre  and  yeUow  antimony^  whose 
composition  is  not  exactly  known;  but  none  of  these  ores  are  of  any 
practical  importance. 

(&.)  Native  antimony^  almost  exactly  resembles  the  metal,  ex- 
tracted by  art ;  it  is  also  rare. 

(c.)  The  sulphuret  is  the  only  abundant  ore. — It  occurs  in  pris- 
matic crystals,  from  the  size  of  needles  and  hair  to  that  of  a  finger; 
the  crystals  are  often  aggregated  m  beautiful  masses,  sometimes  with 
iris  colors ;  it  occtu-s  more  commonly  compact.  It  resembles  the  sul- 
phuret of  lead,  but  is  instantly  distinguished  by  fusion,  under  the 
bbwpipe,  on  charcoal ;  it  melts  easily,  bums  brilliantly  with  a  white 
smoke  of  oxide  of  antimony  and  vapors  of  sulphur,  and  leaves  no 
residuum.     Its  composition  is  about  3  parts  antimony  to  1  of  sulphur. 

2.  Extraction. 

(a.)  It  is  freed  from  stony  matters,  by  simple  fiision,  either  on  the 
floor  of  a  reverberatory  furnace,  the  ore  being  covered  with  igm'ted 
charcoal ;  or  in  a  crucible  or  pot,  perforated  at  bottom,  and  placed  in 
the  mouth  of  another,  which  is  buried  in  the  ground  as  high  as  its  lip; 
a  fire  is  now  kindled  around,  and  the  melted  ore  runs  through,  con- 
geals in  the  form  of  the  recipient  and,  on  being  broken,  presents  a 
beautiful  assemblage  of  needle  crystals,  much  more  closely  connect- 


*  The  term  regulus  was  applied,  by  the  old  chemists,  to  a  metal,  as  distinguished 
from  its  ores,  and  other  combinations. 

t  The  Curnju  triumpkalis  antimanii  of  Basil  Valentine,  appeared  at  the  close  of  the 
fifteenth  century ;  and  Lemery,  three  hundred  years  after,  published  the  first  scien- 
tific account  of  the  subject ;  multitudes  of  chemists  have  examined  it  since,  and  aug- 
mented our  knowledge.  By  medical  men  it  has  been  alternately  extolled  as  a  pa- 
nacea, and  decried  as  a  poison.  Early  in  the  seventeenth  century,  the  French  par- 
liament, led  by  the  faculty  of  Paris,  first  proscribed,  and  then  restored  both  the  anto- 
monial  medicines  and  those  who  employed  them ;  the  virtues  of  antimony  are  how- 
ever, now  too  well  known  to  be  questioned,  and  it  is  regarded  as  one  of  the  pillars 
of  medicine. 
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ed,  than  in  the  natural  specimens,  and  easily  distinguished  from  them, 
by  a  practised  eye.     This  is  only  a  purified  ore. 

(&.)  To  ieparait  the  sulphur,  most  metals  will  answer;  but  iron, 
copper,  lead,  silver  and  tm,  are  the  most  effectual,  and  iron  is  always 
preferred^  both  for  energy  and  cheapness. 

Crude  antimony ,  4  parts,  is  projected  upon  iron  naUs,  clippings  or 
filings,  heated  to  whiteness;  the  crucible  is  covered,  and  afterwards, 
about  1  part  of  nitre  being  added,  the  metal,  aided  by  a  slight  jarring, 
subsides,  and  may  be  cast  in  moulds.^ 

Or,  the  ore  is  carefully  roasted,  without  fiision,  and  with  constant 
agitation ;  sulphur  is  dissipated  and  the  antimony  is  oxidized ;  an 
equal  weight  of  bhuk  flux  is  then  added,  and  a  strong  heat  applied 
in  a  crucible,  when  the  metal  collects  at  the  bottom. 

It  is  better,  to  mix  the  oxide  with  powdered  charcoal  and  oil  or  fat, 
and  when  the  metal  begins  to  appear,  nitre  is  thrown  in,  in  the  pro- 
portion of  1  oz.  to  1  lb.,  and  more  and  purer  metal  is  obtained  than 
in  the  other  process. 

Or,  8  parts  of  the  powdered  ore,f  6  of  nitre  and  3  of  tartar,  are 
mixed  and  thrown,  by  spoonfuls,  into  a  red  hot  crucible,  placed  in  a 
powerful  furnace ;  the  sulphur  is  burned  and  a  black  flux  formed, 
which  reduces  the  metal.| 

IV".  The  hetal. 

Properties. 

(a.)  Antimony,  obtained  by  the  preceding  process,  is  not'quite 
pure;  it  must  be  dissolved  in  nitro-muriatic  acid,  decomposed  by 
water,  and  heated  in  a  covered  crucible,  with  2  parts  of  crude  tartar, 
(H.);  or,  digested  a  good  while  in  strong  muriatic  acid,  the  sulphur, 
which  is  the  contaminating  substance,  is  removed  in  the  form  of  sul- 
phuretted hydrogen  gas. 

'    (6.)  Color,  grayish  or  bluish  white;  briUiant,  somewhat  like  alver 
or  tin. 

(c.)  Texture  lamellar,  breaking  in  intersecting  plates. 

(d.)  Structure,  decidedly  crystalline,  with  an  arrangement  some- 
times resembling  fern  leaves,  stars  or  feathers.^ 

(c.)  Primitive  form,  (Haiiy,)  an  octahedron;  integrant  particle,  a 
tetrahedron:  by  slow  coding  after  perfect  fusion,  crystaUtzes  in  oc* 
tahedra;  the  crust  being  broken,  the  liquid  interior  is  poured  out. 

*  Af  it  still  contains  both  iron  and  salphur,  it  is  re-melted  and  aboat  1  part  of  crade 
antimony  and  another  of  nitre  are  added ;  to  purify  it  still  £u*ther,  this  operation  is 
repeated  with  nitre  only ;  18  parts  of  the  sulphuret,  with  8  of  iron  nails  and  12  of 
nitre,  after  four  fusions,  gave  8  oz.  of  the  metal. — Lemery  and  Beaum6,  quoted  in 
Aildns'  Dictionary. 

f  Fourcroy,  V.  300. 

t  The  first  process  (by  iron)  is,  according  to  my  experience,  the  best ;  the  last 
(with  nitre  and  tartar)  is  quick,  but  inaccurate  and  not  very  productiye. 

§  The  alchemists  attached  much  importance  to  these  appearances. 
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(/.)  /it  imparts  a  peculiar  imett  and  taste. 

(g')  Sp.  gr.  6.702,  (6.424,  Thomson ;)  scratches  all  the  soft  metals. 

(A.)  r  ery  brittk  ;  pulverized  by  the  hammer  and  pestle. 

U.)  Metis  at  810°  Fahr.  or  just  at  ignition. 

(/.)  In  an  open  vessel^  if  the  heat  be  raised j  it  evaporates ^  in  the 
form  of  an  oxtde^  but  it  cannot  be  distilled  in  a  retort,  except  when 
the  oxide  is  mixed  with  charcoal  and  ignited,  when  the  metal  rises 
with  the  current  of  carbonic  acid  gas ;  if  no  gas  passes  over  in  the 
retort,  only  a  few  tears  of  antimony  are  collected  in  its  neck. 

V.  Relation  to  oxygen. 

1.  Combustibility. 

(a.)  Slightly  tarnished  by  exposure  to  the  air;  but  dry  air  and 
even  dry  oxygen  do  not  affect  it. 

(ft.)  Heated  to  whiteness^  unth  contact  ofair^  it  burns  vitidlyj  widi 
a  brisht  white  light  and  an  abundant  cloud  of  white  oxide.  The 
mourn  blowpipe,  well  managed,  will  effect  the  Combustion ;  but  it  is 
shown  with  the  greatest  beauty  by  the  compound  blowpipe,  in  the 
focus  of  which,  the  antimony,  sustained  on  charcoal,  burns  with  in- 
tense splendor,  and,  in  both  cases,  the  charcoal  is  stained  white,  and 
if  the  globule  be  thrown  upon  a  table,  or  the  floor,  it  divides  into  innu- 
merable smaller  globules,  which  rebounding  and  darting  about  in  viv- 
id combustion,  mark  their  progress,  by  stains  alternately  black  and 
white.* 

(c.)  The  same  fact  is  showny  on  a  larger  scale,  by  a  crucible^  cov- 
ered, inclined,  intensely  heated,  and  then  overturned.  The  white 
cloud  that  rises  and  condenses  on  cold  bodies,  in  acicular  crystals, 
was  formerly  called  argentine  flowersf  of  antimonv ;  and  if  the  cruci- 
ble be  sustained  in  an  inclined  position,  most  of  the  oxide  condenses 
around  the  metal. 

2.  Action  of  water. — At  a  common  temperature,  it  is  null ;  but 
steam,  passing  over  ignited  antimony,  produces  detonations;  the  metal 
is  oxidized  and  hydrogen  gas  evolved. 

3.  Oxides. — ^Proust  admits  two;  Th^nard,  three ;ir  Thomson 
three,  and  Berzelius  describes  four.|  Referring  to  the  authorities 
cited  below  and  to  the  larger  systems  of  chemistry,  for  the  grounds 
of  the  conclusion,  we  will  adopt  the  opinion  of  Dr.  Thomson,  which 
is  now  generally  received  on  this  subject. 

(a.)  Protoxide.^ — Obtained,  by  decomposing  the  muriate  of  a»- 
iimony  by  waier;  clearing  the  precipitate||  of  acid,  by  digestion,  with 

*  Black  from  the  carbonization  of  the  wood  by  fhe  bot  metal»  and  white  from  the 
oxide  constantly  ibrmine;  the  tracks  look  like  those  of  littie  animals  on  clean  snow. 

t  They  were  obtained  also  from  the  sulphuret  IT  Formerly  six. 

X  Ann.  de  Chim.  V.  LXXXVI,  p.226»  and  LXXXIII  and  XXXII.  Jour,  de 
Kiys.  V.  IV.    Ann.  de  Chim.  et  de  Phys.  V.  XVII.    First  Prin.  Vol.  II. 

i  The  protoxide  of  Berzelius  is  obtained  by  galyanizinc  antimony  at  the  poeltivo 
poM,  but  18  supposed  to  be  a  mixture  of  real  protoxide  and  the  metal. 

I  Anciently  called  powder  of  Algarotb, 
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carbonate  of  potassa,  and  washing  it  with  water;  or,  hi  dissolving 
atUimanyj  in  4  parts  of  strong  sulphuric  acid,  heating  to  dryness,  and 
using  alkali  and  water  as  above ;  or,  by  decomposing  solution  of  tartar 
emetic  by  ammoniaj  washing  in  much  hot  water  and  drying. 

It  is  obtained  edso,  by  heating  antimony  in  a  crucible^  with  excess  of 
aivy  and  receiving  the  sublimate  in  an  inverted  crucible,  perforated 
and  covered  b^  another. — ThSnard. 

The  protoxide  is  the  basis  of  the  antimonial  salts  ;  it  is  volatile, 
and  can  be  sublimed  in  close  vessels ;  it  melts  at  ignition,  becomes 
yellow  and  gray  on  cooling,  and  resembles  asbestos:  suddenly  heated 
m  contact  with  air,  if  porous,  it  inflames*  and  becomes  deutoxide. 
The  protoxide,  obtained  from  antimonial  salts,  b  grayish  white,  that 
from  combustion,  pure  white.  Its  composition  appears  to  be  metal, 
44,f  one  equivalent,  and  oxygen  one,  8=52. 

(6.)  Deutoxide. — Formed^  by  subjecting  antimony  to  the  aetiom 
ef  strong  nitric  acid^  and  igniting  the  residuum  :  the  metal  is  at  first 
peroxidi29ed,  and  the  heat  afterwards  expels  half  an  ec|uivalent  of  ox- 
ygen ;  or,  the  precipitate,  by  water  from  the  nitro-^aumttic  solution,  t» 
ignited  in  a  platinum  crucible  ;  and  with  a  regulated  heat,  it  is  per* 
tectly  snow  white.  It  is  distinguished  from  the  peroxide  by  being 
infiuible  and  fixed,  and,  after  ienition,  by  insolubility  m  acids.;^  Its 
composition  is  one  equivalent  of  metal,  44;  +1^  equivalent  of  oxy* 
gen,  12;  ss&O. 

(c.)  Peroxide. — Formed,  by  deflagrating  1  part  of  mitimony 
with  6  ^  nitre ;  heating  for  two  hours ;  washing  first  with  cold,  and 
then  widi  boiling  water ;  digesting  again,  for  several  hours,  with  nitric 
acid ;  washing,  drying,  and  heating  gently  in  a  platinum  crucible,  un- 
til a  fine  yellow  cdor  is  produced. — H. 

Or,  antimony  and  strong  nitric  acid§  being  mixed,  and  the  pro-- 
duet  heated  to  dryness,  and  then,  for  some  hours,  to  a  temperature  of 
500^  of  Fahr.  the  hydrated  peroxide  loses  its  water  and  becomes 
a  pure  yellow  peroxide.  By  a  high  heat,  it  gives  up  a  part  of  its  oxy- 
gen and  becomes  deutoxide. 

The  precipitate,  by  UHiter,from  the  nitro-muriatic  add  is  peroxide. 
Its  composition  is,  one  equivalent  of  metal,  44 ;  +  two  equivalents 
of  oxygen,  16;  =60. 

Thus  it  would  appear,  that  the  oxygen  in  the  antimonial  oxides  is 
in  the  proportions  8,  12,  and  16,  which  forms  another  exception 


*  This  happened  to  JBerzelius  in  drying  a  precipitate  by  water  from  the  nitric  to- 
lution,  and  to  Tb6nard  wliile  doiDg  llie  same  witli  a  precipitate  by  iron  from  the  mu- 
riate ;  in  both  cases  the  matter  burned  like  tinder. 

t  By  the  analysis  of  Berzelius  4S  is  the  equivalent  of  antimony,  but  the  British 
chemists  adopt  44.  t  its  hydrate  is  soluble. 

§  Add.  ofPhUos.  N.  S.  11.  p.  126. 
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from  the  laws  of  definite  proportions,  unless  we  suppose  that  the  low- 
est oxide  has  not  been,  as  yet,  discovered.* 
VI.  Action  of  chlorine. — Chlorides. 

1.  Protochloride. 

(a.)  Warm  chlorine  gas  promptly  bums  antimonyff  producing  a 
chloride,  in  white  fumes. 

(&.)  The  protO'chioride  is  usually  formed^  by  distUling  powdered 
antimony f  1  part,  with  corrosive  subtimate  2i :  it  may  be  redistilled 
with  a  gende  beat,  and  b  a  soft  deliquescent  corrosive  solids  formerly 
called  butter  of  antimony ;  it  easily  melts,  and  on  cooling,  crystallizes 
in  prisms ;  water  decomposes  it,  throwing  down  protoxide,  and  if 
abundandy  added,  sub-muriate  of  the  protoxide ;  the  muriatic  acid 
can  be  removed,  by  washing  with  an  alkali. 

It  is  composed  of  antimony,  one  equivalent,  44  ;  +  one  equivalent 
of  chlorine,  36 ;  =80. 

2.  Per-chloride. — Formed^  by  passing  dry  chlorine  gas  over 
heated  antimony :  there  is  a  combustion ;  and  a  transparent,  volatile 
fluid  distils  over,  which,  with  a  litde  water,  forms  a  crystallbe  mass,| 
and  with  more,  precipitates  the  peroxide  of  the  Qietal.^  Its  compo- 
sition is  2  equivalents  of  chlorine,  72 ;  +1  of  antimony,  44 ;  =116. 

Dr.  Thomson  describes  another  chloride,  or  dicbloride,  contain- 
ing 2  equivalents  of  metal,  88 ;  -fl  of  chlorine,  36 ;  =.124.|| 

Vn.  Iodine,  in  excess^  heated  in  a  glass  tube  with  powder  of  an- 
timony readily  combines  with  tV,  and  fprms  an  iodide,  whose  color  is 
dark  red,  and  which  is,  by  water,  converted  into  oxide  of  antimony 
and  hydriodic  acid. 

Vni.    COMBUSTIRLES. 

1 .  Phosphorus. — The  phosphuret  is  unimportant ;  it  is  formed  in 
the  usual  way  ;ir  it  is  white  and  brilliant,  fingile,  lamellar,  very  fusible, 
decomposable  by  a  high  heat,  and  with  the  blow  pipe  gives  a  small 
green  flame  and  white  vapors. 

2.  Sulphur,  as  ahready  stated,  exists  in  natural  combination  with 
antimony. 

(a.)  The  metal  and  sulphur  can  be  united  by  fusion^  in  the  pro- 
portion of  one  equivalent  of  antimony,  44 ;  and  one  of  sulphur. 


*  The  deutozide  of  antimony  has  been  called  the  antimonioui,  and  the  peroxide 
the  antimonic  acid,  because  they  do  not  enter  into  combination  with  acids,  but  with 
alkalies  to  form  salts ;  the  antimonious  acid,  when  separated  by  an  acid  from  these 
combinationB,  is  a  hydrate,  and  is  then  soluble  in  muriatic  acid. 

t  The  sulphuret  is  even  more  inflammable ;  it  may  be  thrown  in  powder »  into  a 
tall  fflass  tube,  stopped  at  one  end,  and  filled  with  chlorine  fgns. 

X  Kesembling  the  fVimine  liquor  of  Libavius,  the  chloride  of  (in. 

§  Ann.  of  Philos.  N.  8.  Vol.  X .  ||  First  Princ. 

H  See  the  phosphurets,  p.  122. 
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16;  ss60y  and  the  compound  is  in  all  respects  similar  to  the  native 
mineral.* — ThotMon.  » 

(6.)  If  sutphureited  hydrogen  gas  be  passed  through  a  solution  of 
tartar  emetic^  a  sulphuret  is  in  that  way  produced  ;  it  is  orange  yel- 
low, and  has  been  regarded  as  a  hydro-sulphuret  of  the  oxide:  but 
Dr.  Turner  says  that  after  the  precipitate  is  well  washed,  sulphuric 
acid  does  not  disengage  from  it  any  sulphuretted  hydrogen. 

(c.)  The  native  sulphuret^  or  ra&er  that  which  has  been  once  melt- 
ed down  from  the  ore,  is  always  used  for  chemical  experiments.  It 
melts  without  losing  its  sulphur,  and  on  cooling,  crystallizes  with  the 
metallic  brilliancy. 

IX.  Ajlkalies. — ^Kermes  mineral. — Sulphur  auratum. — ^In- 
timately connected  with  the  sulphurets  of  antimony,  is  the  action  of 
alkalies  upon  the  native  sulphuret,  for  they  exert  litde  or  no  action 
upon  the  metal. 

1.  The  kermes  mineral.^ — ^Numerous  recipes  have  been  given 
for  the  preparation  of  this  compound. 

(a.)  1  part  sulphuret  of  antimony  is  melted  with  two  of  sulphur  of 
commerce,  and  boiled  for  half  an  hour  with  22  parts  sub-carbonate  of 
soda  and  250  of  water }  the  kermes  is  deposited  as  the  solution  cools. 

(&•)  Sulphuret  of  antimony,  1,  +  potassa,  2,  and  sulphur,  1 ;  melt 
them  in  a  crucible ;  pulverize  ;  boil  in  water ;. filter,  and  the  brown 
kermes  falls*! 

(c.)  Solution  of  potassa  4  pounds,  water  3,  prepared  sulphuret 
of  antimony  2,  boil  for  three  hours  with  agitation,  and  add  water 
as  it  evaporates  :  it  is  to  be  strained,  and  most  of  die  antimony  will 
remain  suspended  until  an  acid  is  added.  This  last  is  the  process  of 
the  pharmacopoeia. 

It  is  essendal  to  the  beauty  of  the  kermes,  that  the  soludon  should 
cool  very  slowly  while  it  is  depositing. 

{d.)  It  is  quite  sufficient  for  obtaining  the  kermes,  to  boil  for  a 
quarter  of  an  hour  caustic  fixed  alkali,  1  part,  dissolved  in  from  20 
to  25  of  water,  upon  2  of  pulverized  sulphuret  of  antimony. 

2.  Sulphur  auratumj  or  golden  sulphur  of  antimony. 

^a.)  As  in  all  the  preceding  processes,  the  greater  part  of  the 
antimony  remains  in  solution  after  the  fluid  is  cold ;  a  diluted  acid, 
(the  sulphuric  or  muriatic)  is  then  added,  which  engages  the  alkali, 
and  precipitates  abundantly,  a  yellow  substance,  extremely  similar  to 

*  Th^nard,  2d  Ed.  Vol.  I  p.  672,  directs  that  equal  qnantities  of  antimony  and  sul- 
phur should  be  used  in  forming  the  artificial  sulphuret. 

i  Discovered  by  Glauber,  and  revealed  by  a  pupil  of  his  to  the  surgeon  La  Le- 
gerie,  and  by  him  to  a  monk  of  the  name  of  Simon,  who  enriched  his  order,  by  the 
sale  of  the  medicine ;  it  was  called  paudre  de  ehartret*x,  and  was  regarded  as  a  spor 
eific  in  complaints  of  the  breast.  In  1720,  the  French  government  bought  the  secret 
and  made  it  public. — Laugier  cmd  Thinard, 

X  It  is  inferior  to  that  obtained  in  the  humid  way,  and  is  used  in  veterinary  practice. 
Vol.  11.  27 
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the  kermes  mineral,  and  which  is  called  sulphur  auratum,  or  golden 
sulphur. 

(b.)  Chemists  have  not  been  exacdy  agreed  as  to  the  nature  of 
the  kermes  and  the  sulphur  auratum. 

(c.)  The  more  probable  opinion  seems  to  be,  that  both  are  hydro- 
ndphurets  of  the  oxide  of  antimony.  Dr.  Thomson  thinks,  that  the 
kermes  is  composed  of  protoxide  of  antimony,  52 ;  and  sulphuretted 
hydrogen,  17;  each  one  equivalent;  =69;  and  it  has  been  suppo- 
sed, d^at  the  sulphur  auratum  is  a  sulphuretted  hydro-sulphuret. 
Others  contend,  that  both  are  essentially  hydrated  sulphurets,  because, 
by  careful  washing  with  boiling  water,  the  sulphuretted  hydrogen  can 
be  withdrawn,  so  that  none  of  it  wiU  be  disengaged  by  the  addition 
of  sulphuric  acid,  and  they  are  found  to  be  in  the  same  condition  as 
die  precipitate  made  by  passing  sulphuretted  hydrogen  gas  through 
soludon  of  tartar  emetic,  or  of  other  antimonial  salts  ;*  or  by  decom- 
posing such  solutions  by  hydro-sulphuret  of  an  alkali. 

{d.)  The  golden  sulphuret  of  antimony  is  called  by  some  a  per- 
sulphuret;  and  a  deuto,  or  sesqui-sulphuret  has  been  formed,  by  pass- 
ing sulphuretted  hydrogen  gas  through  a  solution  of  the  deutoxide  in 
muriatic  acid.f 

(e.)  Mr.  Rose  has  proved  that  the  red  antimiony  of  the  mmeralo- 
gist  is  composed  of  1  equivalent  of  the  protoxide,  with  2  of  the 
prolo-sulphuret  of  antimony,  and  that  the  glass^  liver ^  and  crocus  of 
antim<»iy  have  a  similar  composiHon. 

(/)  The  glass  of  antimony  is  made  by  roasting  the  pulverized 
sulphuret  in  a  shallow  earthen  vessel :  the  sulphur  is  m  part  expelled, 
while  the  antimony  is  oxidized,  and  by  an  mcreased  heat  the  mass 
is  melted,  the  silica,}  (of  wUch,  it  contains  about  10  per  cent,) 
contributes  to  this  vitrification,  and  it  becomes  translucent,  with  a 
beautiful  hyacinthine  red  color. 

{g.)  The  croeuSf  and  the  liver  of  antimony^  are  formed  in  a  simi- 
lar manner^  only  with  a  different  management  of  die  heat,  and  with 
a  ereater  or  less  proportion  of  the  ore :  they  are  opake,  and  of  the 
cobr  of  liver.  The  crocus,  and  the  liver  of  antimony,  are  often  em- 
ployed in  veterinary  medicine.    According  to  Thomson,  the  glass  is 

*  There  if  little  reaaoo  to  doubt  that  both  predpltatei  are  hydro-eulphureti, 
and  ai  the  addition  of  the  add  to  decompoee  the  antiinoDial  solution  diseniMes 
sulphur  as  well  as  sulphuretted  hydrogen,  there  seems  good  mund  for  the  o|rfmoo 
of  Th^nard,  that  the  sulphur  auratum  contains  the  most  sulphur.  The  removal  of 
the  sulphuretted  hvdrogen  by  water,  is  an  occurrence  similar  to  Uiat  of  the  decom- 
position  of  the  add  solutions  of  bismuth  and  antimony  in  water.  Nor  is  the  fact, 
(Gay  Lussac's  Cours.  II,  Leooo.  20,  p.  21.)  that  heat  eyolyes  from  these  eom- 
pounds  only  water,  any  decisive  proof  that  they  do  not  contain  sulphuretted  hy- 
drogen, for  the  hydrogen  of  the  latter,  with  the  oxygen  of  the  oxide  of  antimony, 
would  form  water,  while  the  sulphur  would  combine  with  the  metal  and  form  the 
sulphuret  that  is  left. 

.  t  For  the  method  of  forming  it,  see  Henry,  11th  Ed.  II.  p.  88,  and  Ann.  of  Philos. 
N.  S.  Vol.  X.  X  Derived  from  the  vessel 


ANTIMONY.  211 

composed  of  sulpkuret  of  antiinony,  1  part,  and  oxide,  8  ;  the  cro- 
cus of  1  and  4,  and  the  liver  of  1  and  2. 

X.  AciDS.—JIfa^^  adds  act  on  antimony  ;  some  more  readily  on 
the  protoxide,  few  unite  with  the  peroxide. 

1.  Strong  sulphuric  acid.  In  the  cold,  no  aciionj  btU  with  heat^ 
the  acid  imparts  oxygen^  while  sulphurous  acid  gas  is  evolved,  and 
with  a  high  heat,  a  httle  sulphur  is  sublimed.  With  moderate  heat, 
the  compound  is  a  sub-suiphatei  a  soft,  white,  humid  mass,  decern* 
posed  by  water,  most  of  the  oxide  being  precipitated. 

2.  JVurtc  acid  acts  with  energy  ;*  nitrous  oxide  gas  is  disengaged, 
and  the  deutoxide  is  formed,f  but  not  dissolved,  and  any  small  por- 
tion that  is  taken  up  is  precipitated  by  water.  Ammonia  is  formed 
during  this  action,  and  may  be  disengaged  by  lime  or  caustic  fixed 
alkalies  which  unite  with  the  acid.  Water  affords  the  hydrogen, 
and  the  acid  the  nitrogen,  the  two  elements  of  the  ammonia.  Crys- 
tals of  nitrate  of  ammonia  are  sometimes  formed. 

The  sulphuret  of  antimony  is  affected  by  nitric  acid  m  a  similar 
maimer. 

3.  Muriatic  acid. 

(a.)  Action  slight,  even  with  heat ;  of  the  small  portion  that  is 
dissolved,  the  greater  part  is  deposited  on  cooling,  but  by  evapora- 
tion, minute  deliquescent  acicular  crystals  are  obtained. 

(i.)  The  strong  muriatic  add,  with  heat,  acts  easily  upon  the  sul- 
phuret of  antimony ;  water  is  decomposed,  sulphuretted  hydrogen 
gas  disengaged,  and  muriate  of  antimony  formed.  \ 

4.  Nitro-muriatic  add  acts  vigorously,  even  with  only  one  tenth 
of  nitric  acid,  but  with  one  fifth  or  one  fourth  the  solution  is  rapid, 
and  attended  by  the  usual  phenomena ;  and  muriate  of  antimony  is 
the  result.  It  was  formerly  called,  from  its  consistence,  huiter  ofan- 
timony,  and  is  a  white,  deliquescent,  fusible,  and  very  acrid  mass  ;  it 
can  be  distilled  and  crystallized ;  it  is  decomposed  by  water,  which 
gives  a  sub-muriate. | 

The  muriate  of  antimony  may  be  produced  from  corrosive  sublimate 
and  antimony,  as  ahready  mentioned,  (see  the  chloride,)  or  from  un- 
washed sulphate  of  antimony  and  common  salt,  distilled  to  dryness. 
The  solution  of  chlorine  also  dissolves  it. 

5.  Other  adds  act  feebly  on  antimony,  but  a  number  dissolve  its 
oxides ;  especially  the  tartaric  acid,  producing  tartar  emetic,  which 


*  If  the  antimony  is  in  fine  powder,  the  acid  strong  and  fuming,  and  in  such  ouan- 
tity  as  to  form  a  thick  semi-fluid  mass,  it  even  produces  inflammation.    Aikins*  Diet. 

t  Antimony  may  be  in  this  manner,  separated  from  lead  and  other  soluble 
metals. 

X  Formerly  called  mercurius  vitoe,  or  powder  of  Algaroth,  from  Algarotti,  an  Ital- 
ian, its  discoverer :  a  peroxide  of  andmony  produced  by  the  action  of  nitric  acid  upon 
the  muriate  of  antimony,  was  anciently  called  Bexoar  mineral. 
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is  usually  formed  by  the  aid  of  cream  of  larlar,  (bi-lartrate  of  po- 
tassa.) 

6.  Tartar  Emetic. — This  important  medicine  is  a  triple  com- 
pound of  tartaric  addy  protoxide  of  antimony y  andpotassa.^ 

Processes. 

(a.)  Pulverized  glass  of  antimony,  12  oz.  and  boiling  hot  solution 
of  16  oz.  of  cream  of  tartar,  in  14  quarts  of  pure  woier :  digest  fi>r 
half  an  hour,  and  boil  for  ten  minutes  ;  evaporate  nearly  to  dryness, 
to  separate  silica ;  redissolve  in  hot  water ;  strain,  evaporate  to  a  pel- 
licle, and  allow  it  to  stand  to  crystallize.— A. 

The  erocus-f  and  the  svbmuriate  have  heen  substituted  for  the  glass 
of  antimony :  aD  that  is  wanted,  is  to  supply  oxide  of  antimony  to 
the  cream  of  tartar. 

{b.)  Pulverized  protoxide  of  antimony,  2  parts,  boiled  toith  1  of 
solution  of  cream  of  tartar. — G.  L. 

(c.)  Sub-sulphate  of  antimony,  made  by  boiling]:  to  drj'ness,  200 
parts  of  sulphuric  acid  upon  100  of  powdered  antimony,  and  100 
parts  of  the  residuum  boiled  with  100  cream  of  tartar,  after  due 
evaporation,  gives,  at  the  first  crystallization,  90  of  tartar  emetic  in 
erystals.j^ 

(d.)  The  composition  of  tartar  emetic  is,  according  to  Dr.  Thomson, 
Tartaric  acid,  2  equiv.      66  X 2=  132 

Protoxide  of  antimony     3    "  62  X  3  =  1 56 

Potassa,  1     «  48 

Water,  2     «  18 

354 

Mr.  R.  Phillips  gives  three  equivalents  of  water,  making  in  the 
nHiole,  363. 

Properties. 

(a.)  A  valuable  emetic,  cathartic,  diaphoretic,  rubefacient,  &tc.  ac- 
cording to  the  doses  and  mode  of  administration.*  In  large  doses, 
it  is  a  poison. 

(fr.)  Its  purity  can  be  rdied  on,  only  u>hen  it  is  crystallized,  when 
firom  whatever  source  derived,  its  composition  is  the  same;  form,  the 
tetahedron,  or  octahedron ;  it  reddens  litmus ;  taste,  nauseous  and 
caustic ;  slowly  effervescent. 


*  Some  hare  preferred  to  regard  it  as  a  compound  of  two  salts,  the  tartrate  of  pot- 
m,  and  the  tartrate  of  aodmooy,  or  of  oxide  of  anttmooy,  w 


^  >  uuited  to  the  yegetable 
salt,  acting  entire,  in  the  character  of  an  acid. 

t  Made  hy  deflagrating  equal  parts  of  sulphuret  of  antimony  and  nitre. 

t  In  an  ironyessel. 

§  R.  Philips,  in  the  London  Pharmacopeia.  The  processs  (a.)  is  the  old  one,  and 
I  have  alvrays  found  it  successful. 

*  Dose  for  an  emetic,. 2  to  S  grains ;  for  a  diaphoretic,  ^  to  |  of  a  grain,  and  as  an 
expectorant,  in  still  smaller  dosed :  as  a  rubefacient,  1  drachm,  or  2,  to  1  oz.  of  lard, 
or  better,  of  French  pomatum  ;  it  is  applied  in  plaster,  or  simply  nibbed  on  the  part. 
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(c.)  Sdubk  in  2  or  2  parts  of  water,  at  212°  ;  in  15  at  60^. 

(d.)  Decomposed  by  adds  and  alkalies,  and  their  carbonates,  and 
by  the  alkaline  earths ;  the  former  precipitating  tlie  cream  of  tartar, 
and  die  latter  the  oxide  of  antimony. 

(c.)  Stdphuretted  hydrogen,  and  hydro-sulphurets precipitate  ker^ 
mes  minerm,*  from  its  solution,  and  tlias  counteract  its  poisonous 
character  in  the  stomach,  which  is  elfected  also,  to  a  degree,  by  de* 
mulcent  drinks,  and  infusions  of  bark  and  gall-nuts. 

(/.)  Its  solution  is  spontaneously  decomposed;  it  is  blackened  by 
heat,  and  if  ignited  with  black  flux,  it  yields  up  the  metal.f 

ES.  PoLABiTT. — ElectrO'positive. 

Sec.  XXV. — Zinc 

I.  History. — First  mentioned  byAlbertus  Magnus,  who  died  in 
1280.  The  East  Indians  and  Chinese  knew  it  before  the  Europe- 
ans :  the  Greeks  and  Romans  used  some  of  the  alloys  of  zinc  and 
copper,  which  they  formed  by  an  ore  of  zinc,  then  called  cadmia, 
and  now  calamine.  The  word  zinc  occurs  first  in  the  writings  of 
Paracelsus,  who  died  in  1 541 .{   The  artists  sometimes  call  it  speker. 

II.  PBOP£aTI£S. 

(a.)  Color,  brilliant  bluish  white;  texture,  laminated;  breaks  iq 
plates  a  little  ragged ;  imparts  a  peculiar  taste  and  smell,  when  rub- 
deb  by  a  warm  or  moist  hand. 

(6.)  Sp.gr.  6.8  to  7,  and  after  compression  7.19;  rather  tough 
than  brittle  ;  in  thin  plates,  (i  inch,)  breaks  easily,  but  if  thick  7l 
inch,)  it  bears  a  heavy  blow  of  the  hammer,<^  and  is  indented  by  it. 

(c.)  Laminable  in  the  cold,  by  careful  and  equal  pressure  between 
the  rolling  cylinders  j  between  210^  and  300°)|  Fahr.  higldy  lamina- 


•  This  18  readily  diatinguished  from  the  yellow  precipitate  given  by  sulphuretted 
hydrogen  with  arsenic,  as  the  latter  wiU  give  the  alliaceous  odor  onburniog  charcoal. 

t  It  is  easily  carbonized,  and  decomposed  by  the  mouth  blow-pipe,  and  carbonate 
of  potasBa,  and  metallic  antimony  are  left  on  the  charcoal ;  I  have  detected  it  in  thia 
manner,  when  it  has  been  introduced  in  large  quantity  into  drinks,  so  that  a  great 
number  of  persons  at  an  entertainment,  were  made  violently  sick. 

X  More  particular  information  concerning  the  history  of  this  metal  may  be  found 
in  Bergman's  works,  Vol.  II,  p.  314,  and  in  Dr.  Watson's  Chemical  Essays,  Vol.  IV. 
The  mode  of  extracting  this  metal  from  its  ores,  has  not  been  known  much  over  a 
century  in  Europe,  and  seems  first  to  have  been  discovered  by  Dr.  Isaac  Lawson, 
Id.  p.  36,  although  Von  Swabb  instructed  the  Swedes  in  it  about  the  same  time.  In 
the  course  of  the  16th  century,  zinc  was  brought  to  Europe  from  the  East. 

§  If  the  two  ends  of  the  common  cakes  of  ssinc  are  supported,  and  the  blow  applied 
in  the  middle,  they  break  without  much  difficulty. 

11  Discovered  and  patented  by  Messrs.  Hopson  and  Sylvester,  (Phil.  Mag.  Vol. 
XXni.)  The  plates  are  of  great  use  in  covering  houses,  and  in  lining  baths  and 
aqueducts,  and  it  has  been  proposed  to  sheath  ships  with  them. 

The  followmg  is  from  Prof  Griscom.—!  have  been  informed  by  a  merchant  of 
New  York,  that  he  covered  the  bottom  of  a  vessel  with  zinc  plates,  fastened  with 
zinc  nails;  but  she  returned  so  exceedingly  foul,  tliat  Uiey  were  obliged  to  remove 
the  zinc  and  substitute  copper.    Large  oysters  were  found  adhering  to  the  zinc. 
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ble  and  ductile^  and  the  plates,  after  being  annealed,  are  elastic  when 
cold,  but  if  folded  with  a  sharp  edse,  they  crack. 

{d,)  Less  ductile  than  laminahh ;  the  wire,  in  large  curves,  is 
sufficiently  flexible,  but  snaps  by  a  short  turn,  and  both  it  and  the 
plates,  exhibit,  at  the  fracture,  die  usual  crystallme  structure  of  zinc. 

(e.)  Tenacity  of  the  wire  such  that  when  yV  of  an  inch  in  diame- 
ter, it  sustains  26  lbs.  (Muschenbroeck,)  but  it  can  be  drawn  to  ^^^ 
of  an  inch  in  diameter,  and  is  then  nearly  as  tenacious  as  silver. 

Moderately  hard  ;  clo^s  a  file,  and  soon  renders  it  quite  smooth. 

(/.)  Mdts  bdow  ignittonj  at  680  to  700°  Fah. ;  very  volatile ; 
and  in  a  stone  retort,  may  be  distilled  over,  and  condensed  under 
water,  contained  in  a  receiver,  and  thus  purified  from  iron,*  carbon, 
&c. 

Jg.)  By  very  slow  cooling  qfier  fusion^  it  may  he  made  to  crys- 
%ze  in  prisms  ;f  very  expansible  by  heat. 

(A.)  Heated  to  about  400^,  it  may  be  pulverized  in  a  hot  mortar 

m.  a  hot  pesde ;  it  may  be  divided  also  by  pouring  it,  when  melt- 
ed, into  water. 

(«.)  If  a  cake  of  zinc  be  laid  upon  burning  coals,  and  when  it  is 
on  the  point  of  melung,  which  is  indicated  by  its  beginning  to  bum 
with  a  blue  and  white  flame,  it  be  then  quickly  withdrawn  and  laid 
on  a  flat  stone,  it  may  be  easily  knocked  to  pieces  by  quick  blows  of  a 
hammer;  some  of  it  will  be  m  powder,  and  some  in  coarse  and  fine 
fragments,  fitted  for  experiments. 

ni.  Action  of  oxygen. 

1.   Combustibility, 

(a.)  Zinc  is  eminently  combustible  ;  above  ignition,  it  bums  with 
a  very  bright  and  dazzling  white  and  blue  flame. 

((.)  Heated  nearly  to  a  white  heat,  in  a  covered  cmcible  placed 
at  an  angle  of  aboutf  45^  in  a  furnace  or  forge  fire,  the  cover  being 
suddenly  removed,  the  zinc  bums  with  intense  splendor. 

(c.)  The  metal  may  be  stirred  with  an  iron  rod  to  renew  the  con- 
tact with  the  air,  and  if  held  aloft  and  poured  slowly  upon  a  stone  or 
brick  floor,  it  descends  in  a  burning  sheet,  and  is  dashed  about  in  a 
fiery  spray.^ 

(a.)  Zinc  shavings  and  very  thin  leaves^  wiU  bum  in  a  candle  and 
upon  a  red  hot  iron  or  coak,  and  masses  of  it  are  exhaled  and  burn- 
ed in  a  common  fire. 


*  According  to  Dr.  Tbomton,  (Pint  Prin.  I,  62,)  the  zinc  of  commerce  is  never 
quite  pnre,  and  freqtienUy  contains  carbon. 

t  The  best  method  is  to  pour  off  the  fluid  metal  from  below,  after  the  surface  has 
concealed. 

t  It  exposes  a  lar^r  surface  of  the  oxide,  and  is  more  easily  collected. 

§  In  the  combustion  of  this  metal,  the  compound  blowpipe  is  superfluous,  and  in- 
deed, in  the  focus  of  that  instrument,  the  metal  is  oxidized  so  rapidly  that  the  combus- 
tioB  Is  impeded,  and  is  renewed  only  occasionally,  in  jets,  as  the  vapor  darts  through. 
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2.  OxiDi:. 

(a.)  The  combuttian  produces  a  light  flocculent  white  or  yeU 
hwish  oxidcj  fonnerly  called  lana  philosophical  pompholix^  nihil 
album,*  kc.  Much  of  it  rises  mechanically  m  the  current  of  hot 
air,  and  floats  about  the  room. 

fb.)  It  is  fixed  in  the  fire  and  melts  into  a  fine  yeUow  glass. 
c.)  Zinc  tarnishes  but  slightly  in  the  air ;  but  when  heated,  its 
surface  becomes  gray,  and  by  agitation  below  its  evaporatmg  pomt, 
it  is  converted  entirely  into  a  grayish  substance,  which  is  probably  a 
mixture  of  the  oxide  and  metallic  zinc. 

{d.)  Composition,  according  to  Dr.  Thomson,  1  equivalent  of  zinc, 
34,  +  (me  of  oxygen,  *8  =42,  its  equivalent ;  there  is  onlv  one  oxide. 

One  half  of  tne  oxygen  can  be  expelled  by  heat,  which  appears  to 
indicate  a  sub-oxide,  but  the  white  oxide  is  the  only  one  certainly 
recognized.f 

(e.)  Oxide  of  zinc  is  insoluble  in  water;  it  is  a  powerful  base 
wim  acids ;  in  the  shops,  it  is  called  flowers  of  zinc,  and  is  sold  as  an 
antispasmodic. 

IV .  Water  is  slowly  decomposed  by  zinc,  in  the  cold ;  rapidly  at 
i^ition ;  hydrogen  gas  being  evolved  in  torrents,  requiring  some  cau- 
tion. 

v.  Iodine  combines  with  zinc,  and  fomis  a  compound,  which  ia 
fusible  and  crystalline.    Dr.  Thomson  states  its  compositioQ  as  being 

iodine,  1  equivalent,        -        -        124  >     _  ^_/  (  78.48 

zmc,     1    .    «        .      .        .  34  5  '^''^^'  (21.52 
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Iodide  of  zinc  deliquesces  into  hydriodate  of  zinc,  and  a  solution 
of  this,  with  one  of  corrosive  sublimate,  produces  a  beautiful  bright 
scarlet  color.— -H. 

VI.  Chlorine  gas,  u)arm  and  dry,  infla$nes  zinc  filings,  and  pro- 
duces a  chloride,  <?  a  whitish  gray  and  semi-transparent.  (See  the 
muriate.) 

Vn.  Combustibles. 

1.  Hydrogen  gas,  evolved  from  water  and  sulphuric  acid  by  the 
action  of  zinc,  bums  with  a  brighter  flame  than  common  hydrogen, 
and  probably  carries  over  a  little  zmc,  although  it  may  be  only  m  a 
state  of  mechanical  suspension. 


*  If  the  inclined  crucible  in  which  Uie  zinc  is  barningbe  allowed  to  remain  midis- 
tnrbed,  a  great  deal  of  the  yellowieh  white  oxide  will  <^ndense  about  its  mouth. 

t  Laugier,  (Cours  de  (%imie,  II,  43,)  says,  that  a  deutozide  is  formed,  by  ad< 
oxygenized  water,  acidulated  by  nitric  add^  to  a  weak  solution  of  nitrate  of  zinc  i 
adding  a  dilute  solution  of  potaasa;  he  states  that  the  deutoxide  spontaoeously  lows 
its  oxygen  without  the  aid  of  heat. 
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2.  Blende^  composed  of  sulphury  and  zinc^  is  a  very  frequent  min- 
eral. It  is  rather  difficult  to  coirJnne  zinc  and  sulphur  by  art^  hut 
it  may  he  effected  ; 

(a.^  By  igniting  zinc  or  its  oxide  with  flowers  of  sulphur  in  a  cru- 
cible lined  and  covered  with  charcoal; 

Sh.\  By  igniting  together  sulphate  of  zinc  and  charcoal ; 
c.)  By  drying  the  precipitate  made  in  a  salt  of  zinc,  by  hydro- 
solphuret  of  ammonia ; 

\d.)  By  passing  vapor  of  sulphur  over  melted  zinc  contained  in 
an  earthem  tube. 

The  compound  possesses  no  particular  interest. 

Both  the  natural  and  artificial  sulphuret  appear  to  contam  1  equiv- 
alent of  sulphur,  16,  with  one  of  zmc ;  but  the  zinc  seems  to  be 
rather  less  than  in  the  oxide;  instead  of  34,  it  is  from  31.50  to  33* 
in  different  analyses,  but  we  may  presume  that  there  was  some  error. 

3.  Phosphorus  combines  with  zinc^  in  the  manner  described,  page 
122  of  this  volume. 

Phosphuret  of  zinc  resembles  lead  in  its  appearance;  it  has  the 
metallic  splendor  and  a  white  color,  with  some  degree  of  malleability, 
and  when  hammered,  emits  the  odor  of  phosphorus  and  bums  when 
exposed  to  a  strong  heat. 

Carhim  can  hardly  he  said  to  form  a  distinct  compound  toith  zinCj 
although  it  more  or  less  contaminates  the  zinc  of  commerce. 

VIII.  Acids. 

2Unc  combines  toith  most  of  the  acids;  the  attraction  is  so  strong, 
that  tiiey  are  more  completely  neutralized  by  it  than  by  most  of  the 
metals,  and  are  not,  as  in  the  case  of  antimony  and  bismuth,  easily 
separated  by  large  dilution  with  water. 

1.  Strong  sulphuric  acid^  with  tlie  aid  of  heat,  oxidizes  the  mettd 
emits  sulphurous  acid  gas,  and  forms  sulphate  of  zinc. 

The  diluted  add  acts  promptly  and  vigorously  on  zinc  ;  the  water 
affords  hydrogen  gas,  while  its  oxygen  unites  with  the  metal ;  the 
acid  is  unaltered,  and  may  all  be  transferred  to  an  alkali,  and  no  sul- 
phurous acid  gas  is  disengaged. 

This  is  one  of  the  most  eligible  modes  of  obtaining  hydrogen  gas. 

The  sulphate  of  zinc — white  vitriol  of  the  shops^-<rystcMizes  in 
quadrilateral  prisms  ;  taste,  styptic ;  soluble  at  60^  in  2  J  jarts  of  wa- 
ter ;  effloresces ;  decomjposed  by  the  alkalies  and  their  carbonates.f 

The  oxide  is  soluble  tn  alkalies^  especially  in  ammaniaj  and  this 
affords  a  mode  of  separating  it  from  other  metals ;  the  precipitate  by 


*  ThomsoD.    Arfwedflon.    Berthier. 

f  The  precipitate,  especially  if  made  with  the  carbcoate  of  an  alkali,  is  some- 
times employed  in  painting. 
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the  carbonates  of  the  fixed  alkalies,  is  not  redissolved  by  an  excess 
of  the  precipitant ;  but  the  carbonate  of  ammonia  dissolves  the  pre- 
cipitate. The  sulphate  of  zinc  of  commerce,  usually  contains  oxide 
of  iron,*  which  gives  it  a  yellowish  hue.f 

Composition,  in  crystals,  acid,       1  equiv.  =40 

oxide,     1     "        =42 
water,     7     "        =63 

145 
If  deposited  from  a  hot  solution,  it  has  only  three  equivalents  of 
water ;  this  is  the  condition  of  the  common  white  vitriol  of  the  shops^ 

1.  The  sulphurous  acid,  dissolves  zincj  but  the  sulphite  is  unim- 
portant. 

2.  .Strong  nitric  wid  acts  on  zinc  with  great  molence,^  it  is  rapidly 
oxidated,  and  clouds  of  nitrous  acid  vapor  are  emitted. 

(a.)  7^  decomposition  of  the  acid  evolves  occasionally^  aU  the 
suhordinate  compounds  of  nitrogen  and  oxygen^W  and  sometimes 
even  pure'  nitrogen  gas. 

(6.)   The  acid  is  diluted  in  order  to  form  a  nitrate  of  zinc. 

3.  Muriatic  acid,  with  or  without  dilution,  rapidly  dissolves  zinc, 
and  evolves  torrents  of  very  pure  hydrogen  gas,  arising  from  the  de- 
composition of  water. 

(a,)  Solution  colorless,  does  not  crystallize  by  evaporation,  affords 
a  fusible  white  mass,ir  deliquescent,  and  volatilizable  in  delicate  white 
needles.  By  additional  heat  in  a  dose  vessel,  it  loses  water  or  its  ele- 
ments, and  becomes  a  chloride,  which  does  not  rise  at  ignition ;  heat- 
ed in  the  air,  it  loses  muriatic  acid  and  leaves  oxide  of  zinc.** 

(&.)  Crystallizes  in  prisms  of  four  sides  ;  caustic;  deliquescent; 
soluble  in  both  water  and  alcohol ;  decomposable  by  heat,  by  the 
sulphuric  acid,  and  by  alkalies,  affording  with  the  latter,  a  very  white 
oxide  of  zinc. 

(c.)  The  muriate  of  zinc,  in  strong  solution,  is  partially  decompo- 
sed by  wcUer,  it  is  decomposed  also  by  the  sulphuric  acid,  and  by 
the  alkalies ;  the  solution  is  acid,  although  consisting  of  equivalents 

*  This  however  will  not  be  the  case,  if  in  preparing  the  sulphate,  we  put  into 
the  sulphuric  acid  more  zinc  than  it  is  able  to  dissolve. 

t  It  is  prepared  at  Goslar,  in  Saxony,  by  roasting  blende;  the  sulphur  becomes 
acid,  and  the  metal  oxide,  and  thus  the  salt  is  formed,  and  obtained  by  solution  and 
crystallization.  The  foreign  metals  especially  copper,  lead,  and  iron  are  precipitated 
by  oxides  of  zinc,  or  metallic  zinc,  added  to  the  solution.  It  is  usually  granular, 
and  often  spotted  with  yellow. 

i£ven  inflaming  it,  (as  is  said,)  if  in  fine  powder. 
When  1  part  otnitric  acid,  4  parts  of  water,  and  zinc  in  pieces  (not  in  shavings,) 
are  mixed,  tne  product  Is  almost  totally  nitroiu  oxide,  but  not  pure  enough  for 
breathing. 

%  Formerly  called  butter  of  zinc  Dr.  Black  (Vol.  II,  p.  687,)  suggests  that  it 
may  be  employed  as  a  bird-lime.  **  Brande. 

Vol.  n.  28 
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of  each  of  its  constituents,  and  ammonia  does  not  render  it  neutral 
till  the  whole  of  the  oxide  of  zinc  is  precipitated. 

4.  Phosphoric  add  dissolves  a  portion  of  zinc ^  and  evolves  hydro^ 
gen  gas.  No  crystals  are  obtained  by  evaporation,  but  a  gelatinous 
mass.  Phosphate  of  soda  and  sulphate  of  zinc  produce  the  same 
salt  by  double  exchange. 

5.  Carbonic  acidj  in  watery  solution^  dissolves  a  little  zinc. 

The  carbonate  of  zinc  may  be  readily  formed  by  precipitation  by 
alkaline  carbonates,  from  the  acid  solutions. 

6.  Even  the  vegetable  acids  dissolve  zinc  vnthout  difficulty^  and 
with  a  disengagement  of  hydrogen  gas. 

The  acetate  of  zinc  is  formed  directly  or  by  double  exchange  be- 
ttoeen  the  acetate  of  had  and  the  stdphate  of  zinc  ;*  it  is  used  as  a 
coUyrium,  and  as  an  astringent  injection.  The  oxides  of  zinc  are 
soluble  in  the  acids  without  effervescence. 

IX.  Bases. 

(a.)  Alkaline  solutions^  at  ebullition^  dissolve  some  ztnc— rhydrogen 
gas  is  disengaged,  and  acids  precipitate  a  white  oxide. 

(i.)  Ammonia  is  more  efficient  in  this  way  than  potassa  or  soda. 
The  oxide  is  precipitated  from  all  these  solutions,  by  the  carbonic 
acid  and  oxygen  of  the  air.  Ammonia  affi)rds  the  best  means  of  get- 
ting zmc  pure.f 

With  ammonia  and  the  sulphate  of  zinc,  there  is  a  mixed  precipi- 
tate of  the  oxides  of  zinc  and  iron — an  excess  of  ammonia  will  dis- 
solve only  the  former,  and  the  ammonia  bemg  neutralized  by  an  acid, 
the  oxide  of  :dnc  will  be  obtained  pure.;( 

(c.)  The  oxide  of  zinc  is  used  with  arsenic  to  give  the  opake  white 
color  to  glass. 

X.  Salts. 

(^a.)  Aided  by  heaty  zinc  causes  the  sulphates  to  become  sulphuretSj 
which  dissolve  a  small  portion  of  the  oxide.  Alum  is  decomposed 
by  zinc,  by  means  of  boiling. 

(6.)  The  nitrates^  at  a  red. heat f  deflagrate  unth  zinc^  with  bright 
Gght  and  much  heat ;  2  or  3  parts  of  nitre  mixed  with  1  part  of  fine 
zinc  filings,  are  thrown  mto  a  red  hot  crucible.  This  mixture  is 
ased  in  fire  works  to  afibrd  a  white  light  with  a  tinge  of  blue.  In  ex- 
periments with  these  materials,  much  caution  is  requisite,  as  a  sudden 


*  Proportions,  white  vitriol,  one  drachm  ;  miear  of  lead,  4  gcraples ;  distilled  wa- 
ter, 20  oz. ;  dissolve  each  salt  separately  in  half  the  water,  mix  and  precipitate.  It 
is  said  to  be  better  to  decompose  the  dilute  solution  of  acetate  of  lead  by  suspending 
in  it  metallic  zinc,  for  in  this  way  no  sulphate  of  lead  is  held  in  solution.  If  there 
is  no  lead,  sulphuretted  hydrogen  causes  a  white  precipitate. 

t  Hope,  Note  Book. 

t  The  ammonia  is  added  slowly ;  otherwise  tiie  solution  is  so  prompt  that  we 
scarcely  pereeive  the  precipitation. 
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and  violent  detonation  sometimes  happens,  throwing  the  burning  zinc 
and  hot  nitre  all  around. 

The  zinc  and  nitre  may  be  melted  together  in  a  crucible,  and  the 
action  will  be  brought  on  promptly,  by  throwing  in  ignited  charcoal.  A 
cartridge  may  be  charged  with  the  mixture  of  nitre  and  zinc,  and  in- 
flamed by  a  burning  coal ;  it  should  stand  under  a  chimney. 

(c.)  Chlorate  ofpoiassa,  2  or  S  parts,  with  zinc  in  fine  powder, 
1  party  when  struck  on  an  anvU,  detonates  violently,  and  bums  brUr- 
liantlv  by  contact  of  a  red  hot  coal. 

{d^  Muriates. — fVTien  zinc  is  rubbed  vnth  muriate  of  ammonia, 
the  alkali  is  liberated,  and  obtained  by  distillation.  Most  of  the  me- 
taUlc  salts  are  decomposed,  and  most  of  the  metals  are  precipitated 
by  means  of  zmc,  and  hence  it  is  very  useful  in  the  analysis  of  ores. 

XI.  Allots. 

With  most  of  the  preceding  metals,  zinc  does  not  form  any  interest- 
ing combinaiions,  but  it  is  otherwise  with  several  that  are  to  follow. 
With  antimony,  however,  it  unites  by  fusion,  and  forms  "  a  compact 
gray  homogeneous  brittle  mass ;  density  less  than  that  of  the  constit- . 
uents." 

Xn.  Natural  history.-— /<5  two  principal  ores  are  denominated 
calamine  and  blende  ;  the  former  is  not  rare,  and  the  latter  is  abundant. 

The  calamme,  the  only  profitable  ore  of  zinc,  usually  resembles  an 
earthy  substance  more  than  a  metal ;  it  is  of  various  colors,  and  is 
often  porous,  although  sometimes  crystallized  in  rhomboidal  tetrahe- 
dral  prisms,  or  in  hexahedral  pyramids.  It  is  an  oxide,  or  a  carbo- 
nated oxide,  often  combined  widi  silica. 

Blende,  which  is  a  sulphuret,  is  usually  crystallized,  and  in  very 
various  forms ;  most  commonly  it  is  in  tetrahedra,  octahedra,  or  dode- 
cahedra.  Its  prevailing  colors  are  brown,  violet,  black  and  red,  and 
sometimes  it  is  yellow ;  sometimes  semi-transparent,  and  beautiful  as 
a  gem ;  sometimes  phosphorescent  in  the  dark,  even  when  a  knife  is 
drawn  over  it. 

Xin.  Extraction. 

(a.)  A  rude  assay  is  made,  by  mixing  the  calamine  or  the  roasted 
blende  vnth  charcooi,  and  igniting  them  in  a  crucible  over  which  a 
plate  d^ copper  is  laid;  if  zmc  is  present,  it  will  convert  the  lower 
part  of  the  plate  into  brass. 

(6.)  The  zinc  of  commerce  was  formerly  brought  exclusively 
from  China ;  now  it  is  abundantly  manufactured  in  Europe,  and  as 
i^  is  a  volatile  metal,  it  is  always  obtained  by  distillation.  For  this 
purpose,  the  ore,  almost  always  calamine,  is  sorted,  roasted  and  mix- 
ed with  about  I  or  |  charcoal  powder,  and  heated  b  a  furnace,  in 
earthen  crucibles,  covered  at  top  and  having  an  iron  tube  perforating 
the  bottom,  or  in  earthen  tubes  stopped  at  one  end  and  placed  hori- 
zontally or  vertically,  and  in  the  latter  case  the  upper  end  is  stopped. 
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Sometimes  two  tubes  are  joined  at  a  rising  angle,  and  the  ends  are 
depressed  ;  one  of  them  contains  the  materials,  and  the  other  receives 
the  vapor.  In  all  these  cases  the  distilled  zinc  passes  into  water 
where  it  is  condensed.* 

XIV.  Uses. 

(a.)  Important, — ^In  medicine,  its  sulphate,  10  grs.  or  more,  is  a 
quick  emedc }  in  smaller  doses,  used  as  a  stimulant,  be. ;  its  acetate 
is  a  collyrium,  astringent,  &c. 

Its  oxide  is  an  and-spasmodic  and  exsiccant. 

(6.)  In  the  arts,  sheet  zinc  is  much  employed  as  a  substitute  for 
sheet  lead,  in  covering  houses,  lining  badis,  water  conduits,  &c. ; 
brass  is  formed  from  zinc  and  copper. 

(c.)  In  chemistry,  to  afford  hydrogen  gas ;  for  galvanic  apparatus  ; 
as  a  constituent  of  amalgams  for  exciung  electrical  machines. 

Sec.  XXVI. — ^Cadmium. 

I.  History. — Discovered  in  1817,  by  Prof ,  Stromeyer^  of  Got- 
tingerij  in  an  oxide  of  zinc,f  from  a  Silesian  ore,  and  afterwards  in 
various  other  ores,  especially  a  radiated  blende  from  Bohemia,  which 
contained  5  per  cent.  Dr.  Clarke  found  it  in  the  Derbyshire  and 
Mendip  ores,  and  Mr.  Herapath,  in  the  sublimate,  which,  from  being 
more  volatile,}  first  rises  in  distilling  zinc  at  Bristol,  and  which  the 

*  At  Rammelsburg,  in  Saxony,  the  following  process  is  used.  In  the  side  of  the  ibr- 
iiace,  (which  Is  a  reverberatory,)  opposite  to  the  bellows,  the  wall  is  double,  ood- 
eisting  of  two  thin  fire  stones,  with  a  hollow  between.  On  a  level  with  the  usual 
surface  of  the  melted  metal,  there  is  a  chink,  opening  into  thb  cavity.  The  zinc 
evaporates  as  fast  as  it  is  formed  ;  and  the  vapor  is  driven  into  this  hollow  through 
ihe  chink  by  the  blast  of  the  bellows.  The  side  of  the  cavity,  which  is  in  contact 
with  the  air  of  the  hut,  is  cool  in  comparison  with  the  rest,  the  stone  being  thin  and 
being  often  sprinkled  with  water.  Here  therefore  the  sublimed  metal  attaches  it- 
«elf,  while  the  flowers,  which  are  unavoidably  formed  by  the  calcination  of  part  of 
this  meUllic  vapor,  rise  farther  up  and  get  into  the  lon^  funnel,  where  they  ooUect 
•nd  are  got  out  from  time  to  time  by  the  name  of  cadmta  fomacum — tutia,  (or  dia- 
phrygesO  Black,  II,  691. 

Dr.  Watson,  (Essays,  IV,  S8,)  thus  describes  the  process  as  practiced  in  England. 
**  In  a  circular  kind  of  oven  like  a  glass  house  furnace,  there  were  placed  six  pots 
about  four  feet  each  in  height,  much  resembling  large  oil  jars  in  shape ;  into  the 
bottom  of  each  pot  was  inserted  an  iron  tube,  which  passed  through  the  floor  of  the 
furnace  into  a  vessel  of  water.  The  pjts  were  filled  with  a  mixture  of  calamine  and 
charcoal,  and  the  mouth  of  each  was  then  close  stopped  with  clay.  The  fire  being 
properly  applied,  the  metallic  vapor  of  the  calamine  issued  through  the  iron  tul>e, 
there  being  no  other  place  through  which  it  could  escape,  and  the  air  being  exclud- 
ed. It  did  not  take  fire,  but  was  condensed  into  small  particles  in  the  water,  and  being 
remelted,  was  formed  into  ingots."  The  ores  of  zinc  are  wrought  extensively  for 
the  formation  of  brass  by  union  with  copper,  under  which  metal  it  will  be  mention- 
ed again.  For  details,  see  Gray's  Operative  Chemist,  p.  733 :  Th6nard,  5(b  Ed 
Vol.  Ill,  p.  608,  and  Aikin's  Diet.  Vol.  II,  p.  660. 

t  Prepared  for  medical  purposes. 

X  According  to  M.  Gay-Lussac,  (Ann.  de  Chim.  ct  de  Phys.  Vol.  XXI,  n.  218.) 
this  sublimate  rises  first  because  the  oxide  or  sulphuret  of  cadmium  is  roott  easily 
reduced  than  that  of  zinc. 
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workmen  call  the  brown  blaze ;  its  proportion  is  from  12  to  20  per 
cent.* 

In  calamine,  it  probably  exists  as  an  oxide ;  in  blende,  as  a  sul^ 
phuret. 

II.  Preparation. 

(fl.)  jJway.— To  decide  whether  an  ore  of  zinc  contains  cadmium, 
a  fragment  of  the  ore  supporfed  on  platinum  foil,  is  heated  with  the 
blue  flame  of  the  blowpipe  ;  if  present,  its  oxide  will  be  evolved,  and 
vnU  stain  the  platinum  witli  a  peculiar  reddish  brovm  color ; 

Or,  the  neutral  muriate  of  the  zinc  ore,  after  dilution,  yields  to 
iron  all  the  metals  which  it  will  precipitate,  and  tlien  a  piece  of  zinc 
in  a  platinum  capsule  will  throw  down  all  the  cadmium  from  the  solu- 
tion ;  the  precipitate,  which  is  of  a  dull  leaden  color,  adheres  so  tena- 
ciously to  the  dish,  that  it  may  be  washed  without  danger  of  being 
lost ;  it  is  then  dissolved  in  muriatic  acid,  the  muriate  is  decomposed 
by  an  alkali,  and  the  oxide  treated  as  above  by  the  blowpipe. 

(6.)  Process  of  Stromeyer. — From  the  solution  of  the  sulphate  or 
muriate  of  the  zinc  ore,  having  an  excess  of  acid,  a  stream  of  sul* 
phuretted  hydrogen  precipitates  the  sulphuret  of  cadmium,  while  the 
zinc  remains  m  solution.  The  washed  precipitate  being  dissolved  in 
muriatic  or  nitric  acid,  the  excess  of  acid  is  expelled  by  evaporation, 
the  dry  salt  being  again  dissolved  in  water  and  decomposed  by  car- 
bonate of  ammonia  in  excess.f  The  ignited  carbonate  yields  a  pure 
oxide^  and  the  oxide^  being  heated  red  not  in  a  glass  tube  in  mixture 
with  charcoal  and  oil,  metallic  cadmium  is  sublimed  into  the  neck  of 
the  retort,  whence  it  may  be  detached,  and  it  is  afterwards  meked  in 
a  crucible. 

(c.)  Process  ofHerapath. — The  sublimate^  in  the  zinc  mariUfacto^ 
riesj  contains  oxide  of  cadmium  mixed  with  soot,  sulphuret  of  cad- 
mium and  oxide  of  zinc ;  this  sublimate  is  dissolved  in  muriatic  acid 
and  precipitated  by  zinc ;  it  falls  in  thin  flakes  which  are  made  to 
unite  by  being  melted  in  a  glass  tube  with  a  little  wax  and  lamp- 
black.]; 

III.  Properties. 

(a.)  Color,  white  and  brilliant  like  tin,  but  with  a  slight  shade  of 
bluish  gray ;  it  is  harder  and  more  tenacious  than  that  metal ;  very 
ductile  and  malleable ;  afibrds  fine  wire  and  thin  leaves ;  tasteless 
and  inodorous,  even  in  vapor  ;  susceptible  of  a  fine  polish. 


•  Ann.  of  Phil.  XIV,  269,  436;  XV,  272,  and  N.  S.  Ill,  125.  Henry.  Ann.  ilc 
Chini.  ct  de  Phys.  XI,  76,  and  XXI,  217. 

i  To  dissolve  any  zinc  or  copper  that  may  have  been  thrown  down  by  the  sulphu- 
retted hydrogen. 

t  Ann.  de  Cbim.  et  de  Phys.  XXI,  218. 
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(&.)  Texture  compact;  ip.  er.  8.604,  and  c^ier  hammerings 
8.694  ;*  me/^^  below  redness^  ana  even  me^tn  vapor  altno$t  as  rem^ 
Uy  OB  mercuryy  and  condenses  in  brilliant  crystalline  drops,  resemb- 
ling that  metal,  except  that  they  are  solid. 

(c.)  In  becoming  solid  from  a  state  of  fusion,  ervitdOizei  in  ftrn- 
like,  leaves^  and  by  slow  cooling,  can  be  obtained  %n  regtdar  octahe- 
dral crystaU.  It  soils  bodies  against  which  it  is  pressed,  and  is  easily 
cut  by  a  knife. 

(dJ)  JSfot  altered  by  the  airy  nor  by  oxygen  gasy  unless  heated j  ujhen 
it  bums  as  readily  as  tin^  emits  light  and  affords  an  oxide  in  broumr 
ish  yellow  fumes  ;  the  hydrate  is  always  colorless. 

(e.)  There  is  onltj  this  one  oxide^  whose  compo^tion  is  56  metal, 
and  8  oxygen ;  56  w  therefore  considered  as  the  equiftalent  of  cad-- 
mium  ;  it  is  irreducible  and  fixed  in  the  most  intense  fire. 

(/.)  Soluble  in  ammoniay  but  not  in  its  carbonate  ;  nor  in  potassa  or 
its  carbonate,  and  these  even  precipitate  it  from  its  solution  in  ammo- 
nia ;  in  this  manner  Mr.  Children  separated  it  from  the  oxide  of  zinc, 
which  is  not  thrown  down  by  the  fixed  alkalies. — H. 

IV.  Its  salts. — The  oxide  ofcadtnium  eUtracts  acids  powerfully^ 
and  forms  distirhct  neuiral  saUs^  which  have  die  following  general 
characters. 

(a.)  They  are  colorless^  have  ^  sharp  meiaUic  taste,  and  are^ener- 
ally  soluble  in  water. 

(6.)  The  faed  alkaUes  precipitate  the  oxide  as  a  white  hydrate,  and 
do  not  dissolve  it  when  added  in  excess,  as  is  the  case  with  oxide  of 
sine. 

(c.)  Ammonia  precipitates  a  white  hydrate,  and  in  ejccess  redis" 
solves  it* 

(d.)  The  alkaline  carbonates  throw  down  a  white  anhydrous  car- 
bonate, while  that  of  zinc  is  hydrous. 

(e.)  Sulphuretted  hydrogen  throws  dovm  cadmium,  from  its  solu- 
tions, of  a  oeautifd  yeUow  color,  like  orpiment,' anJ  this  is  one  of  its 
most  characteristic  properties  ;  but  there  is  no  change  with  chromate 
of  potassa,  infusion  of  galls,  or  sulphate  of  soda. 

1.  Thestdphate  crystallizes  in  large  rectangular  prisms  ;  efflores- 
cent, very  soluble,  contains  more  than  one  third  of  water.  The  neu- 
tral sulphate  consists  of  100  acid,  +161.22  oxide. 

2.  JVitrate — ^in  acicular  prisms  or  needles — deliquescent ;  consti- 
tution, acid  100,  +  117.58  oxide. 

3.  (a.)  Muriate — made  by  dissolving  the  oxide  in  muriatic  acid  ; 
crystallizes  m  small  transparent  rectangular  prisms — efflorescent. 

(6.)  Chloride — ^by  heat,  the  crystals  of  muriate  lose  their  water  of 
crystallization,  and  pass  to  the  condition  of  chloride  ;  fusible  below 


*  8.67  before — 9.05  after  being  hammered. — Children,  Eng.  Quar.  Jour.  VI,  226. 
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^ition;  by  an  increased  h&xty  stMime  in  small  transparent  lamin» 
of  a  pearly  histre ;  constitution  of  the  fused  chloride,  38.61  chlo- 
rine, +  61.39  metal. 

4.  The  carbonate,  produced  by  th^  alkaline  carbonates,,  is  pulve- 
rulent, and  insoluble  in  water ;  decomposable  by  heat ;  composition, 
acid  100+292.88  oxide. 

6.  The  phosphate,  produced  by  the  phosphate  of  soda,  also  pul- 
verulent, and  insoluble;  composition,  acid  100+225.49  oxide. 

V.  Otheb  compounds. — 1.  Sulphuret,  formed  either  by  heat- 
ing sulphur  toith  the  metal,  or  vnth  the  oxide,*  or  by  precipitating  the 
metal,  by  sulphuretted  hydrogen,  from  an  acid  solution :  compoa- 
tion,  100  metal,  to  28.172  sulphur,  correspondmg  to  the  equivalents 
56  metal,  and  16  sulphur,  and  there  is  only  one  sulphuret. 

Color,  orange  yellow,  of  great  beauty  ;  resembles  orpment,  but  is 
distmguished  from  It  by  being  readily  soluble  even  in  cold  muriatic 
acid,  and  insoluble  in  potassa,  and  by  sustaining  a  red  heat  without 
decomposition ;  the  color  is  changed  by  heat,  first  to  brown,  and 
then  to  carmine  red,  but  on  cooling  it  becomes  yellow  agam ;  exists 
native,  in  the  cadmiferous  ores  of  zinc  ;  the  great  beauty  of  its  color 
will  probably  introduce  it  into  painting. 

2.  Phosphuret,  formed  by  fusion;  color,  gray;  lustre,  feebly  me- 
tallic. 

3.  Iodide;  formed  both  in  the  moist  and  dry  way  ;  in  tabular  crys- 
tals, large  and  beautiful,  colorless  and  transparent,  of  a  metallic  or 
pearty^  lustre,  not  altered  by  the  air ;  very  fusible,  and  cools  without 
alteration;  the  iodine  is  expelled  by  a  stronger  heat ;  composition, 
metal  100+ iodine  227.43 ;  soluble  in  water  and  alcohol. 

4.  Alloys. — Cadmium  forms  brittle  and  colorless  alloys  with  most 
of  the  metals,  but  they  are  little  known.  Its  amalgam  is  easily  form- 
ed even  in  the  cold ;  it  is  of  a  beautiful  silver  white,  and  crystallizes 
m  octahedra,  composed  of  100  mercury,  and  27.78  cadmium ;  it  is 
hard  and  fragile,  and  its  sp.  gr.  is  greater  than  that  of  mercury. 
The  aDoy  with  cobalt  is  white  like  arsenical  cobalt. 

Remarks. — ^It  is  obvious  that  Cadmium  is  an  interesting  metal,  but  it 
is  entirely  unknown  in  the  arts,  except  that  it  is  now  ascertained  to  be 
evolved  from  some  of  the  ores  of  zinc  during  their  reduction,  and  Mr. 
Herapath  thmks  it  may  be  supplied  at  a  cheap  rate,  if  the  fume,  call- 
ed the  brown  blaze,  which  comes  over  first,  and  is  wasted  by  the 
workmen,  were  collected  by  a  tube,  for  this  contains  the  cadmium 
in  the  greatest  abundance.f  I  am  not  aware  that  cadmium  has 
been  obtained  in  this  country ;  probably  the  great  quantities  of  zinc 


*  The  process  with  the  oxide  is  much  the  easiest, 
i  Ano.de  Chim.  et  de  Phys.  V.  XXI,  p.  219. 
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ore  which,  according  to  the  observations  of  Messrs.  Troust  and  Le 
Seur,  are  thrown  away  at  the  Missouri  lead  mines,  would  afibrd 
abundance  of  both  metals. 

There  can  be  no  doubt  that  the  polarity  of  cadmium  in  the  gal- 
vanic circuit,  is  negative,  although  I  believe  it  has  not  been  subjected 
to  trial  in  this  respect. 

Sec.  XXVII.— Bismuth.* 

I.  Name  and  History. — ^The  old  name,  tin-glass,  is  a  corruption, 
as  is  said  of  the  Srench  etain  de  glace,  (tin  for  silvering  glass,)  as 
bismuth  is  used  for  that  purpose  along  witn  quicksilver  and  tin.  So 
it  is  stated  that  bismuth  is  a  corruption  of  the  Grerman  weiss-muth  or 
white  mother  of  silver,  the  metal  being  so  called  by  the  German  mi- 
ners.-—Gray. 

Mentioned  hy  Agricola,  in  1520,  but  confounded  with  tin  and 
other  metals.f  Early  in  the  ISth  century ^  believed  to  be  a  peculiar 
metalj  and  its  properties  were  well  distinguished  in  1753,  by  Geof- 
froy,Jr.t 

II.  Properties. 
Color  white,  with  a  thade  of  red  or  yellow  ; 
Foliated  and  brittle  like  antimony;  structure,  in  brittiant 

plates,  but  it  is  much  heavier  than  antimony  which  is  bluish  or 
gravish,  not  reddish  white. 

(c.)  Sp.  gr.  9.82,  or  even  10.00,  tfpure  and  cotidensed  bypres- 
sure. 

{d.)  Breaks  under  a  violent  blow,  but  is  a  little  flattened  first ;  can 
be  pulverized  by  the  anvil  or  in  a  mortar ;  can  be  passed  through  a 
sieve ;  powder  of  a  dirty  gray.  Thin  plates  of  it  are  a  litde  sono- 
rous. 

{e.)  Easily  cut,  being  a  little  harder  than  lead,  nearly  as  soft  as 
copper. 

(/.)  JVo^  malleable  or  ductile  ;  among  metals,  an  imperfect  con- 
ductor of  heat.    JVo^  elastic;  almost  tasteless  and  inodorous. 

{s.)  Very  fusible;  it  melts  at  476°  Fahr,,  sooner  than  antimony 
or  had,  nearly  as  soon  as  tin  ;  runs  the  thinnest  of  all  the  metals ;  in 
congealing,  it  expands  contrary  to  the  usual  law  in  such  cases,  and 
therefore  takes,  with  the  greatest  delicacy,  the  finest  impressions  of 
the  mould.^ 

*  Olim,  tin-glaas. 

t  Its  real  nature  was  not  understood,  uid  hence,  at  various  periods,  it  received 
names  denoting  its  supposed  origin  from  tin,  lead  and  antimony,  and  the  German 
miners  seem  to  have  regarded  it  even  as  an  incipient  silver,  for  they  called  it  lectum 
argenH.—See  Four.  V,  266  and  267. 

f  Memoirs  of  the  Paris  Academy.  ^ 

$  It  may  be  |>oured,  in  the  fused  state,  into  a  cone  of  paper,  without  burning  or 
even  scorching  it 


j« 
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(h.)  By  iUyw  cooling  afierfimoUy  it  crystallizes  in  paraUdopipe- 
dons  or  cubes^*  joined  at  a  righi  angle.  Haiiy  extractied  the  octahe- 
dron from  the  cuhe. 

(t.)  Volatilized  at  30°  W.,  although  covered  with  charcoal]  m 
close  vessels,  it  rises  in  vapor  and  may  be  thus  distilled,  when  it  crys^ 
tallizes  in  filaments.f 

in.  Relation  to  oxygen. — (l.J  Combustibility. 

(a.)  Unaltered  by  a  dry,  hut  tarnished  by  a  moist  air;  in  fusion^ 
it  soon  becomes  covered  toith  a  gray  pellide  ;  a  mixture  of  metallic 
bismuth  and  oxide. 

(6.)  At  ignition^  it  bums  vjith  a  faint  bluejlame^  and  a  ydlounsh 
smoke  J  whidi  is  the  oxide  of  bismuth. 

(c)  Bismuthf  when  in  combustion^  stains  the  charcoal  support 
yeUoWj  while  antimony  stabs  it  white. 

{d.)  All  these  phenomena  are  much  more  conspicuous  with  the 
compound  blowpipe^  in  whose  focus  the  bismuth  boils^  evaporates  and 
burns  vehemently  ;  if,  after  it  is  kindled  in  the  compound  flame,  the 
hydrogen  be  shut  off,  it  continues  to  bum,  splendidly,  in  the  oxygen 
gas  alone.| 

^2.^  Oxide. 

\a.j  The  yellow  oooidCj  which  rises  in  the  combustion  of  this  metal, 
was  formerly  named  flowers  of  bismuth.^     There  is  only  one  oxide. 

(6.)  It  may  be  formed  by  combustion,  but  more  conveniently  by 
the  action  of  nitric  acid. 

(c.)  Its  composition  appears  to  be  bismuth  72,  and  8  oxygen — one 
equivalent  of  each.||  It  is  found  in  small  quantities  as  a  natural  pro- 
duction. 


*  When  the  bismuth,  melted  in  a  covered  crucible,  and  then  cooling,  is  fixed  at 
its  surface,  we  perforate  the  crust,  and  pour  off  the  fluid  portion  ;  or,  better,  after 
|i;lving  it  a  good  heat  to  expel  arsenic,  it  is  poured  into  a  warm  plumbago  crucible, 
having  a  lateral  hole  stopped  by  a  wooden  peg ;  when  the  metal  has  set  at  top,  the 
peg  is  to  be  withdrawn,  and  crystals  will  generally  be  found  In  the  interior. — Gray. 
It  crystallizes  more  easily  than  any  metal,  and  was  the  first  that  was  made  to  under* 
eo  this  process. — For  an  improved  mode  of  crystallizing  bismuth,  see  Aikins'  Uict. 
Vol.  I,  p.  137.    It  crystallizes  in  very  perfect  cubes  from  its  solution  in  mercury. 

t  Formerly  denied;  Th^nard  says,  (5th  Ed.  Vol.  I,  p.  899;)  "Quoique  regard6 
comme  volatil  par  quelques  chimistcs  il  n*est  r^element  pas ;  du  moins,  lorsqu'on 
le  chaufie  tr6s  fortement  dans  une  cornue  de  gr^s,  on  n'en  trouve  point  dans  le  col 
•pres  Toperation. 

t  When  bismuth  is  used  instead  of  lead  in  assaying  silver,  and  the  heat  is  too  sud- 
denly rabed,  globules  dart  out  on  every  side,  burning  with  a  very  brilliant  flame. 

§  Probably  in  allusion  to  the  pollen  of  flowers,  a  similar  name  was  given  to  the 
oxides  of  several  other  metals,  that  rise  in  a  current  of  hot  air,  e.  g.  flowers  of  anti- 
mony, flowers  of  zinc,  &c.  ||  J.  Davy,  Thomson. 

Vol.  II.  29 
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(</.)  T%ii  oxide  easily  mdUj  at  i^itian,  into  a  yeUowieh  glau^  and 
b  promptly  reduced  when  heated  with  charcoal.*  It  may  be  sublimed. 

IV.  Combustibles. 

1.  Phosphorus  ;  the  phosphurei  is  little  known  and  of  no  import- 
aDce. 

2.  Sulphur^  by  fusion,  unites  with  bismuth^  at  a  degree  of  heat 
much  higher  than  its  melting  point ;  3  parts  of  the  metal  are  mixed 
with  one  of  flowers  of  sulphur.  The  sulphuret  is  gray,  and  crystal- 
lizes in  acicular  tetrahedral  prisms.f  Its  composition  is,  bismuth  1 
equiv.  72  +  1  of  sulphur  16=88  its  equivalent.  It  is  said  that  there 
is  a  bi-sulphuret. 

V.  Acids. 

1 .  With  sulphuric  add,  in  the  cold,  there  is  no  action,  but,  at  ebul- 
lition, it  converts  bismuth  into  a  white  oxide,  sulphurous  acid  gas  be- 
ing disengaged. ;(  By  evaporation,  small  needle  crystals  of  sulphate 
are  obtained,  but  they  are  decomposed  by  water,  and  the  oxide  is 
precipitated. 

Composition, — 1  equiv.  of  bismuth  72,  +1  of  oxygen  8,  =80+1 
of  acid  40,  =120,  its  equivalent. 

2.  Nitric  add. 

(a.)  When  concentrated,  it  attacks  bismuth  with  great  heai  and 
violence  ;  nitric  oxide  gas  is  copiously  evolved,^  and  a  white  oxide 
is  formed. 

(&.)  To  obtain  a  colorless  solution  of  the  nitrate,  we  take  add  2 
parts,  water  1  or  2,  adding  the  meted  by  pieces,  at  intervals,  till  .the 
action  ceases. 

(c.)  Transparent  oblique  rhombic  crystals  are  easily  obtained,  of- 
ten even  without  evaporadon.  They  are  white  and  are  frequendy 
acuminated  by  three  or  four  planes. 

(rf.)  This  nitrate  detonates  feebly  on  red  hot  charcoal,  or  when  tri- 
turated with  phosphorus  ;  by  heat  alone,  it  leaves  a  yellowbh  oxide. 

(c.)  Precipitated  oxide,  fyc. — Either  the  crystals,  or  the  solution, 
with  a  profudon  of  water,  precipitate  the  white  oxide,  or  the  sub-ni- 
trate.    The  water  takes  nearly  all  the  acid,  but  the  oxide  retains  a 


*  From  the  easy  fuMoo  of  the  oxides  of  bismuth,  they  have  been  sometimes  used 
In  cu|>e]Ution. 

t  This  crystallization  is  effected,  in  the  usual  manner,  by  piercing  the  congealed 
crust,  and  pouring  out  the  fluid  below.  The  cavity  is  lined  with  the  most  beautiful 
needles,  and  a  section  of  it  presents  a  crystalline  mass,  worthy  of  being  placed  in  valu- 
able collections  among  the  most  beautiful  productions  of  art. — Four, 

t  Even  sulphur  is  sometimes  sublimed,  if  the  heat  is  considerable. 

§  It  is  said  that  even  sparks  of  fire  have  sometimes  been  observed  darting  through 
ih%  mixture. 
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little.*  It  must  be  washed  and  ^hated  repeatedly,  in  much  water, 
and  dried  in  the  dark,  away  from  foetid  gases.f 

It  is  said  diat  if  a  litde  muriatic  acid  be  added  to  the  nitric,  and 
the  precipitated  oxide  is  washed  with  a  Utde  cold  water,  it  will  ap- 
pear in  minute  scales  of  a  pearly  lustre,  being  the  pearl  powder  of 
the  perfumer.!  The  white  cosmetic  of  bismuth  m  eaUed  by  the 
French,  hlanc  defard. 

(/.)  This  nitrate^  of  moderate  strength^  is  used  as  a  sympathetic 
ink  ;  we  may  write  on  a  card,  and  expose  it  to  hydrogen  or  sulphu- 
retted hydrogen  gas,  when  the  letters  will  appear.^  If  we  write 
with  moderately  strong  nitrate  upon  paper,  the  traces  will  be  invisible 
when  dry,  but  appear  of  a  dense  white  on  being  moistened  ;  on  a 
colored  paper  they  will  of  course  be  the  most  distinct. 

{g.)  The  oxide  of  bismuth  is  a  valuable  medical  preparation; 
usedparUcularly  in  pyrosis,  cardialgia,  and  other  forms  of  dyspepsia; 
dose,  from  1  or  2,  to  6,  or  even  12  grains  per  diem,  repeated  two  or 
three  times ;  it  is  made  into  a  pill  with  4  or  5  parts  of  gum  arable, 
sugar  or  starch. || 

3.  (a.)  Muriatic  add  dissolves  the  oondcj  but  acts  feebly  on  the 
metcdy  even  when  in  small  grains,  and  aided  by  heat.  But  the  nitro- 
muriatic  acid  readily  oxidates  and  dissolves  it,  producing  a  muriate. 


**  This  precipitated  oxide  was  formerly  called  magistery  of  bismuth,  and  is  Icnown 
in  commerce  by  the  appellation  of  pearl  white. 

t  Formerly  used  as  a  cosmetic,  but  it  injured  the  skin,  and  it  was  liable  to  become 
dark  by  contact  of  any  putrid  effluvia,  containing  usually  hydrogen,  sulphur  or 
phosphorus — as  from  boiled  eggs,  sulphureous  waters,  sewers,  &c.,  and  even  from 
the  animal  transpiration.  Pomatum  mixed  with  it,  turns  the  hair  black,  (Chap.) 
and  even  sitting  before  a  fire  of  mineral  coal  will  tarnish  the  face,  if  whitened  with 
this  substance. — Parkes. 

t  Dr.  Black  says,  that  the  old  ma^istery  of  bismuth  used  as  a  cosmetic,  is  a  precipi- 
tate from  a  nitrate,  by  a  solution  oicommon  salt,  or  of  tartar,  as  water  alone  leaves  so 
much  acid  with  the  oxide  as  unfits  it  for  any  such  u^e.  Most  or  all  the  elementary 
books  are,  however,  against  this  opinion.— See  Four.  Vol.  V,  pp.  283-4  ;  Accum, 
Vol.  11,  p.  54;  Chapt.  p.  305;  but  Murray  supports  it,  Chem.  ist  Ed.  Vol.  Ill, 
p.  461.  t  Ure. 

§  Sulphuretted  alkaline  hydro-sulphurets  being  added  to  a  solution  of  bismuth, 
there  is  instantly  a  precipitate  of  a  hydro-sulphuret  of  bismuth,  of  a  dark  color. 

II  Formula; — bismuth,  1  oz. — nitric  acid,  1  1-2  fluid  oz. ;  distilled  water,  three 
pints;  dilute  the  acid  with  6  fluid  oz.  of  the  water,  and  dissolve  the  bismuth;  filter, 
decompose  the  solution  by  the  remaining  water ;  allow  the  matter  to  subside ;  wash 
it  and  dry  it  in  bibulous  paper,  with  a  gende  heat.  This  oxide  on  charcoal,  espe- 
cially with  the  addition  of  u  little  grease,  is  easily  reduced  by  the  blowpipe,  and  the 
reddish  tinge  of  the  metal,  its  greater  weight,  and  its  staining  the  charcoal  yellow 
instead  of  white,  when  it  is  again  burned  by  the  blow-pipe,  will  distinguish  it  from 
antimony.  The  medical  efiects  of  the  antimony  are  also  violent,  while  those  of  the 
bismuth  are  mild.  The  solution  of  bismuth  is  decomposed  by  water,  rather  than 
by  an  alkali,  because  the  latter  would  precipitate  lead  if  it  were  present,  and  this 
would  make  the  preparation  a  poison;  lead  is  not  thrown  down  by  water.  JVo  me' 
iaUU  oxide  is  so  decidedly  precipitated  by  water  ae  that  of  himwXh,  and  this  is 
thertfore  a  good  criterion  tf  the  presence  of  this  metal. 
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It  is  necessary  only  to  add  nitric  acid,  drop  by  drop,  to  the  muriatic, 
containing  the  metal,  and  a  vigorous  action  will  soon  come  on. 

(A.)  The  dried  muriate  is  readily  sublimed,  and  from  its  fusibility 
the  mass  was  formerly  called  butter  of  bismuth.* 

(c.)  The  dissolved  muriate,  like  the  other  acid  solutions  of  bismuth, 
is  decomposed  by  water,  by  alkalies,  and  by  alkaline  earths. 

VL  Chlorine. — Powder  of  bismuth  fires  in  chlorine  gas ;  if  the 
latter  is  warm,  and  in  a  long  tube,  (2  feet  by  2  inches,  would  be 
a  convenient  size,)  the  combustion  will  be  brilliant,  with  a  bluish 
white  light. 

A  white  substance  results,  which  is  said  to  be  tl^e  only  known  chlo- 
ride of  this  metal. 

VIL  Iodine  unites  with  bismuth  by  the  aid  of  heat,  and  forms  an 
iodide,  yellow  and  insoluble  in  water.  By  mingling  hydriodic  acid  or 
hydriodate  of  potassa,  with  nitrate  or  muriate  of  bismuth,  a  precipi- 
tate is  obtained,  of  a  deep  chocolate  color.f  The  iodide  of  bismuth 
is  insoluble  in  water,  but  soluble  in  solution  of  potassa. 

VIII.  To  EARTHY  BODIES,  especially  the  silicious,  bismuth  gives 
a  yelhunshrgreen  tinge,  and  is  therefore  sometimes  used  to  stain 
porcelain  and  glass,  but  the  color  does  not  form  a  good  body. 

IX.  Salts.— /fi  a  red  hot  crucible,  there  is  a  feeble  detonation  be- 
tween bismuth  and  nitrate  of  potassa.  Bismuth,  3  parts,  in  fine  pow- 
der, and  chlorate  of  potassa  4,  fulminate  by  percussion. 

X.  Uses. — Important  in  the  form  of  an  alloy;  it  should  enter 
into  the  composition  of  printer's  types,  for  it  gives,  as  already 
observed,  greater  tenuity  of  fusion,  and  as  it  expands  in  congealmg, 
it  imparts  a  sharpness  of  impression  in  copying  the  mould.}  It  often 
forms  a  part  of  pewter. 

It  is  used  in  forming  some  of  the  softer  solders.  The  nitrate  is 
used  in  dyeing.^ 

XI.  Natural  History. 

This  rare  metal  {often  arsenicateJ,)  is  found  principally  native, 
but  there  is  a  sulphuret  and  an  oxide.  It  is  found  at  Schneeberg  in 
Saxony,  often  in  a  reddish  jasper,  || — at  Scala,  in  Neritia — ^in  Dela- 
car&a — in  Bohemia, — ^in  Dauphine,  and  in  England.  In  the  United 
States,  at  Monroe,  Con.  17  miles  W.  of  New  Haven.  Jiatiye  bis- 
muth in  brilliant  plates  is   there  found  in  quartz,  in  a  primitive 


*  AcconUng  Id  mmm,  tbk  is  chloride  of  bismuth.— Murray's  Cbem.  6th  Ed.  Vol. 
II,p.S80. 

f  Thii  choeoltte  predpititB  tutus  to  s  faeauttfii]  omre  red  by  repeated  edulcon- 
tion.—G.  C.  t  Rlsck.  §  Hope. 

I  In  the  Cabinet  of  Tale  CoHefre,  there  is  a  volif bed  plate  of  thb  substance  mx 
wAm  square*  in  which  the  native  bismuth  is  richly  dispersed  in  dendritic  ixins. 
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country,  with  native  silver,  argentiferous  galena,  blende,  tungsten, 
he.*  this-is  the  only  known  American  locality. 

Native  bismuth  is  easily  distmguished  by  its  brilliancy,  and  by 
its  melting  with  the  heat  of  a  taper. 

XII.  Extinction. — Bismuth  is  easily  obtainedy  (3^  heating  the 
are  in  a  closed  crucible^  with  one  eighth  part  of  flux.  The  bismuth 
of  commerce  being  dissolved  in  nitric  acid,  and  the  oxide  precipitated 
by  water  and  made  into  a  paste  with  oil,  and  black  flux,  is  rapidly  re- 
duced in  a  closed  crucible,  when  we  would  obtain  it  pure. 

In  the  large  tvayj  fragments  of  the  ore  are  throvm  upon  wood  fud 
burning  over  a  small  pit.  The  oxidized  bismuth  passes  through  the 
coals,  is  reduced,  and  collects  in  the  cavity,  in  orbicular  cakes;  or, 
over  a  hole  dug  in  the  earth,  they  inclme  the  trunk  of  a  fir  tree, 
split  in  two  and  hollowed  mto  a  channel,  upon  which  a  bed  of  dry 
wood  is  fired,  and  the  ore  is  thrown  upon  it ;  the  metal  runs  along  the 
channel  and  is  collected  in  the  hole,  whence  it  is  dipped  in  ladles 
and  cast  into  ingots  in  iron  moulds.f — Fourcroy.  It  is  reduced  also  in 
cast  iron  tubes  laid  mcUned  in  a  furnace  ;  the  upper  end  being  stop* 
ped,  the  metal  flows  out  at  the  lower  end  ;  it  is  melted  also  in  covered 
crucibles  in  a  reverberatory  furnace,  and  the  metal  subsides  through 
a  hole  in  the  bottom  of  the  crucible. 

The  bismuth  should  always  be  strongly  heated  to  expel  arsenic, 
and  if  any  should  remain,  it  will  be  discovered  by  a  deposition  of  ar- 
seniate  of  bismuth  after  digesting  the  metal  in  nitric  acid ;  if  pure,  it 
will  be  entirely  dissolved. — Thenard. 

XIII.  Polarity — negative. 

Sec.  XXVffl.— TiN.J 

I.  History. — Known  from  the  highest  antiquity ;  mentioned  by 
Moses,^  The  Phenicians  transported  it  from  Spam  and  Britain.]! 
The  Egyptians,  Greeks  and  Romans  knew  many  of  its  uses.  As  tin 
has  a  splendid  appearance,  like  the  planet  Jupiter,  the  alchemists 
caU^d  it  after  that  metal,  and  its  preparations  were  named  Jovial.  IT 

II.  Properties. — Tin  is  obtained  pure  by  boiling  it  in  nitric  acid, 
and  the  oxide^  which  spontaneously  precipitates,  is  reduced  by  char- 
coal in  a  crucible. 


*  Am.  Jour.  Vol  I,  p.  816. 

t  For  a  particular  account  of  the  proceas  uaed  at  Schneeberg,  Saxony,  see  Oray'f 
Op.  Chem.  787.    BiMnuth  «8  often  extracted  from  the  ores  of  cobalt 

t  OUm  atannum  and  Jnpiter.  §  Num.  xxxi,  22. 

II  Paaains  the  pUlara  of  Herculea  and  going  to  Britain,  the  Ultima  Thale,  a  great 
▼oyage  in^  those  days. 

K  For  they  blended  astrology  with  chemistry ;  and  the  metals  and  planets  being 
then  equal  in  number,  each  planet  had  a  metal,  and  each  metal  a  planet. 
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(a.)  Color  brilUant  whiUj  almott  eqtudUng  iilver  in  ipknior. 

(&.)  Sp.  gr.  7.399.*  Since  all  those  metals  with  which  it  is  apt  to 
be  adulterated,  (e.  g.  lead,)  are  heavier,  its  sp.  gr.  b  a  test  of  its 
purity. 

(c.)  Emits  a  peculiar  odor^  hy  friction  and  handling  ;  taste  slight- 
ly unpleasant. 

(d,)  ReadUy  cut  by  a  kntfty  impressed  by  most  of  the  metals, 
scratched  even  by  the  nail. 

{e.)  Flexible^  and  in  bending^  gives  a  peculiar  crackling  noise^ 
formerly  called  the  cryoftin.f 


ffA  Only  slightly  elastic  and  sonorous. 


Very  malleable^  as  appears  in  tin*foil,|  ttvt  ^^  ^  ^^^^  thick, 
and  it  might  be  reduced  to  ^t'tt- 

(A.)  Very  little  ductility  and  tenacity  ;  a  wire  tIt  of  an  inch  in 
diameter,<^  will  not  support  more  than  37  pounds. 

it.)   Very  dilatable  by  heat^  and  one  of  its  best  conductors. 
j,)  Melts  at  442^11  Fahr.  ;  more  fusible  than  any  metal  except 
potassium,  sodium,  and  mercury,  and  stands  immediately  before  lead 
and  bismuth. 

(k,)  May  be  imperfectly  crystallized  in  the  usual  manner^  in 
rhombs,  composed  of  octahedra.lT 

(/.)  Vaporized  by  the  intense  heat  of  the  compound  blotepipe,  but 
fixed  in  close  vessels. 

in.  Relation  to  oxygen. — But  slowly  altered  by  the  air,  either 
moist  or  dry ;  it  preserves  its  splendor  for  years,  but  is  eventually  tar- 
nished. 


*  According  to  the  French  aaUiorities ;  Henry  and  the  Aikins  make  it  7.9. 

t  As  this  probably  depends  upon  the  sliding  of  the  crystalline  plates  upon  each 
other,  and  as  foreign  metals  would  diminish  this  effect,  it  is  regarded  as  a  test  of  the 
purity  of  tin. 

t  The  process  for  making  tin-foil  consists  simply  in  hammering  out  a  number  of 
plates  of  this  metal,  laid  together  upon  a  smooth  block  or  plate  of  iron — ^the  smallest 
sheets  are  the  thinnest. — Ure^a  Diet. 

Tin-foil  is  made  from  the  very  finest  tin,  which  is  first  cast  into  an  ingot,  then  la* 
minated  to  a  moderate  extent,  and  afterwards  beat  out  with  a  hammer,  with  great 
manual  labor  and  skill,  till  it  is  brought  to  the  requisite  thickoess.^-j^iAnns*  iHet. 
Article  Tin. 

To  prepare  tin  of  the  greatest  thinness,  the  leaves  are  beaten  between  those  that 
are  thicker,  and  thus  we  avoid  tearing  them ;  thus  the  leaves  are  prepared  in  which 
chocolate  u  wrapped. — Laugier. 

§  Th6nard,  1, 170. 

II  Crichton,  Phil.  Mag.  XV,  147. 

IT  If  struck  while  concreting,  it  forms  grain  tin;  if  melted  in  an  iron  mortar,  and 
stirred  briskly  and  incessanUy  until  it  is  congealed,  we  obtain  the  pulvis  stanni  vr 

Kwder  of  tin,  of  the  dispensatories. — Black,    Or,  it  may  be  poured  into  a  wooden 
X  chalked  on  the  inside ;  by  agitation.  It  is  granulated,  and  the  chalk  is  removwl 
by  washing. — jftAntis. 
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OxiDSS. — Fused  and  agitated  in  contact  with  air,  tin  is  convert- 
ed into  a  gray  oxide,*  and  the  whole  may  be  removed  in  successive 
pelUcles.f 

1.  Protoxide, — There  are  two  oxides  of  tin,  and  the  above  is  the 
protoxide, 

(a.)  It  is  also  precipitated  from  the  proto-muriate  of  tin  by  potas- 
sa,  without  excess,  or  its  carboDate,  and^is  washed  and  dried  away 
from  the  air,  as  it  is  prone  to  absorb  more  oxygen. 

(&•)  It  is  obtained  by  placing,  in  the  cold,  tin  filings  in  contact  mth 
nitric  acid,  1  part,  and  water  10 ;  they  remain  for  48  hours  togetIi« 
er  I  there  is  very  litde  effervescence,  and  the  tin  becomes  protoxide, 
littlewliable  to  be  altered  by  heat  and  air. — H. 

(c.)  Composition, — ^Tin  58,  one  equivalent,  +  oxygen  8,  one  equiv- 
alent =  ^^  its  equivalent. 

{d,)  Insoluble  in  water,  and  by  being  ignited,  it  takes  fire  and  bums 
like  tinder ;  it  is  not  a  natural  production. 

2.  Deutoxide, 

(a.)  It  is  obtained  also  by  heating  and  stirring  the  gray  oxide  till 
it  becomes  white, 

(&.)  Better,  by  corroding  tin  by  diluted  nitric  add,  when  a  white 
substance  separates,  which  on  being  edulcorated  and  ignited,  aflbrds 
a  yellowish  peroxide. 

JO  It  is  white,  fusible,  and  decomposable  by  heat ;  reduced  by 
^    vanism,  and  is  not  acted  upon  by  the  air. 

(d,)  Composition, — Tin,  1  equiv.  58,  oxygen  two=  16=74  its 
equivalent. 

(e.)  In  the  arts,  called  putty  of  tin,  and  is  used  to  polish  steel,  spec* 
ula  for  telescopes,  and  other  hard  bodies  ;|  with  oxide  of  lead,  to  give 


*  Itinerant  artists,  in  repairing  pewter  and  tin  utensils  in  families,  it  is  said,  were 
accustomed  thus  to  convert  a  large  part  of  the  melted  metal  into  dross,  which,  taking 
it  for  their  own,  they  could  afterwards  reduce,  by  heating  it  with  combustibles. 

t  Which  should  be  rubbed  in  a  mortar  with  water,  and  the  latter  decanted  to  re- 
move metallic  particles. 

t  It  is  made  in  the  large  way  by  calcining  tin,  and  agitating  it  a  good  while  in 
contact  with  the  air :  the  substance  is  powdered,  sifted,  and  recalcined  in  a  muffle, 
with  increased  heat,  until  it  is  sufficiently  white  and  hard. 

It  is  a  striking  point  of  analogy  between  the  earths  and  the  common  metallic  oxides, 
that  the  latter  are,  in  any  instance,  capable  of  equalling  or  rivalling  even  silica  and 
alumina  in  the  firmness  and  sharpness  of  their  integrant  molecules ;  tin,  iron,  and 
even  zinc,  are  remarkable  in  this  way,  as  is  seen  in  their  well  known  use,  in  polish- 
ing and  sharpening  delicate  steel  instruments. 

The  finest  putty  is  made  from  the  best  tin,  but  pewter  or  a  mixture  of  tin  and  lead 
is  often  used,  as  it  is  oxidized  with  more  facility ;  it  even  takes  fire  when  heated. 

The  g]azier*s  putty  is  made  of  whiting  and  oil ;  formerly  it  contained  white  lead 
which  is  DOW  omitted. 


233  TIN. 

glass  a  milky  opacity,  and  to  form  a  viiiite  enamel ;  if  the  oxide  of 
lead  is  not  added,  the  glass  is  transparent.* 

3.  Combustum  of  tin. 

(a.)  Melted  and  vigoroutly  heated^  even  by  the  mouth  blow  pipe, 
and  being  thrown,  when  in  high  ignition,  upon  the  floor,  it  emits 
brilliant  and  beautiful  sparks  and  burning  globules. 

(i.)  Strongly  ignited  in  a  covered  crucible^  and  the  ewer  and  film 
of  oxide  being  suddenly  removed^  it  starts  out  in  luminawjetSf  with 
a  lively  white  flame,  similar  to  that  of  zinc ;  a  white  oxide  is  thus 
produced. 

(c.)  But  it  is  in  the  focus  of  the  compound  blow  pipe  that  ii  bums 
with  the  most  intense  splendor ^  and  with  the  emission  of  a  ccyious 
white  daud  of  oxu&,f  which  rises  mechanically  in  the  current  of  hot 
air. 

After  the  tin  is  fully  ignited,  the  hydrogen  may  be  shut  off,  and 
the  metal  will  bum  in  the  stream  of  oxygen  with  additional  energy. 

4.  JVb^  affected  by  immersion  in  watery  but  steam,  passed  over  red 
hot  tin,  is  decomposed,  and  hydrogen  gas  evolved,  while  the  tin  is 
oxidated.| 

IV.  Combustibles. 

Tin  combines  with  only  two  of  the  simple  combustibles,  viz.  sul- 
phur and  phosphorus. 

1.  Sulphur:  there  are  tufo  sulphurets  of  tin. 
(a.)  Protosulphuret. 

MiXj  heat  J  and  agitate  the  two  bodies  in  a  crucible  or  ladle :  or 
throw  1  oz.  of  sulphur  upon  5  of  melted  dn,  and  stir  them ;  they 
wiU  become  ignited^from  the  emergence  of  latent  heat  and  light,  pre- 
senting an  appearance  of  combustion. 

(6.)  Properties. — Less  fusible  than  tin  ;  color  bluish^  and  metallic  ; 
structure  lamellatedy  and  crystallizable  in  needles  or  cubes. 

(c.)  Composition. — ^Tin,  1  equiv.  58  +  1  of  sulphur  16=74  its 
equivalent.<^ 

2.  Bisulphuret. — Aurum  musivum. 

(a.)  When  equal  parts  of  white  oxide  of  tin  and  sulphur  are 
mixed  and  heated  gradually  in  a  retort^  sulphur  and  sulphurous  acid 
rise,  and  the  heat  being  increased  to  redness,  and  maintained  for  some 
time,  beautiful  light  adhesive  gold  colored  flakes  are  obtained. 


•  Dr.  Black. 

\  The  oxide  of  tiD»  especially  when  formed  by  the  nitric  acid,  has  been  ref^ird- 
ed  by  some  as  being  itscif  an  acid,  and  it  was  called  atannie  acid,  but  the  affinity 
lor  bases  is  too  feeble  lo  justify  this  arrangement,  and  it  has  no  other  add  property. 

t  Ann.  de  Chim.  XXXV,  28,  quoted  byTh.  1.  171. 

§  As,  from  the  hpat  vcccf^fsry  to  the  union,  there  is  apt  to  be  a  deficiency  of 
sulphur,  thesulphurei  fnrmod  in  i\us  manner  i.^  contaminated  with  metallic  tin,  and 
it  is  now  formedprefei^iMr  fmm  the  bipulphnret,  whirh  see. 
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(6.)  To  melted  tin*  12  parts,  add  3  of  mercury ;  with  the  pow-> 
dered  amalgam,  mix  7  parts  of  sulphur  and  3  of  muriate  of  ammo- 
nia, to  the  mixture  apply  heat  in  a  covered  crucible,  till  the  white 
vapors  cease ;  the  heat  is  then  moderately  increased,  and  the  bi-sul*^ 
phuret,  or  aurum  musivum,  remains  at  the  bottom. 

(c.)  TTie  bistdphuret  of  tin  is  not  affected  by  adds^  while  the 
stdphuret  is  decomposed :  it  is  tasteless  and  insoluble  in  water.  Its 
composition  is  58  tin»  1  equiv.  +  32,  (2  equiv.)  sulphurs=90  its  own 
equivalent* 

(d,)  Used  to  eivcy  by  friction,  a  golden  color  to  btonze^^  and  jap- 
anned workf  ana  to  excite  electrical  machines. 

(e.)  A  nice  regulation  of  the  heat  is  indispensable  to  success  ; — if 
too  low,  the  bisulphuret  is  not  formed ;  if  too  intense,  it  is  decom- 
posed and  simple  tin  remains. 

A  sesqui-^sulphuret,  consisting  of  tin,  1  equiv.  58-|-li  of  sulphur 
24=82,  has  been  formed  by  Berselius,  by  heating  to  low  ignition 
the  bi-sulphuret  with  sulphur. 

(/.)  Sulphuretted  hydrogen  precipitates  tin  from  its  acid  solutions  ; 
yellow  from  salts  with  peroxide,  dark  cofiee  colored  from  those  with 
protoxide. 

2.  Phosphorus. 

Phosphuret  of  tin  may  be  formed  in  the  usual  manner  }  it  is  sU^ 
very  vfhite,with  afoliat^  texture,  soft  and  little  malleable. 

V.  Acros,  in  general,  do  not  form  permanent  compounds  with 
tin;  which  is  prone  to  separate  from  them  in  the  form  of  an  oxide. 

1.  Sulphuric  acid.^ 

(a.)  When  strong  and  cold,  the  action  is  tardy  and  feeble,  almoiit 
inert. 

(ft.)  Acid  3  and  water  \,  the  tin  in  filings,  heat  being  applied^ 
the  action  is  rapid,  themetalV  is  peroxidixed,  sulphurous  acid  is  evohr*^ 
ed,  i  as  much  metal  as  acid  is  taken  up,  and  needle  crystals  may 
be  obtained.  When  the  mass  is  evaporated  to  dryness,  it  is  partially 
decomposed  by  adding  water,  and  sub-sulphate  of  tin  is  deposited. 

2.  Nitric  add. 

(a.)  When  cold  and  concentrated  there  is  no  action  ;  a  strip  of  tin- 
foil may  be  kept  in  a  bottle  of  the  acid  for  years,  without  bebig  cor^ 
1  ■■  ■ « — 

*  Chaptal's  proportions — 8  oz.  tin  -|-  8  mercury,  6  of  sulphur  and  4  of  muriate  of 
ammonia.  The  sole  use  of  the  sulphur  appears  to  be  to  enable  us  to  pulverize  the 
tin ;  the  sal  ammoniac  is  probably  useless,  and  strictly,  all  that  is  necessary  is  oxide 
of  tin  and  sulphur.    For  a  great  variety  of  processes  see  Aikln*8  Diet  II.  482. 

t  It  is  also  used  by  japanners  for  many  articles  intended  to  have  the  appearance 
of  metallic  gold ;  (Accum.  II.  99)  :  and  to  adulterate  copper  bronze  powder,  an  ar- 
ticle used  by  Japanners.— O.  C. 

$  Pewter  vessels  answer  very  well,  for  obtainiog'hydrogen  gas  with  diluted  sul- 
phuric acid  and  zinc  or  iron  ;  and  even  tinned  iron  will  last  for  some  time. 

tr  Even  sulphur  is  disengaged  if  the  heat  be  very  long  continued. 

Vol.  n.  30 
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roded,  provided  the  air  be  excluded  ;*  but,  if  diluted  with  water, 
the  action  is  immediate  and  violent,  and  the  metal  is  peroxidized, 
and  convehed  into  a  white  mass,  while  nitric  oxide  gas  is  disen- 
gaged. 

(6.)  With  acid  of  the  sp.  gr.  1.14,  some  of  the  tin  remains  in 
solution,  but  it  separates  by  heat;  if  it  is  of  sp.  gr.  1.25,  the  tin  all 
separates,  as  a  white  oxide. 

(c.)  Tin  dissolves,  slowly  and  without  effervescence,  in  nitric  acid 
largely  diluted,  but  by  keeping,  a  yellow  oxide  s^ntaneoudy  falls. 

(d.)  During  the  solution^  nitrate  of  ammonia  is  formed;  the  acid 
and  the  water  each  affording  one  of  its  elemeni5.f  It  is  disengaged 
by  rubbing  the  materials  with  quick  lime. 

3.  Proto-muriate  of  tin. 

(a.)  Muriatic  acid  in  its  usual  state^  vnih  a  gentle  heat^  dissolves 
one  third^  of  its  weight  of  tin  with  facility,  decomposing  water,  and 
emitting  a  peculiar  fetid  hydrogen  gas.<^ 

(6.)  Proportions,  metal  1,  acid  2,t»  a  tubulated  retort  or  flask; 
the  solution  b  complete  except  a  litde  black  powder,  which  is  perox- 
ide of  copper ;  the  acid  ceases  fuming  when  it  dissolves  tin. 

(c.)  7ne  muriate  of  tin  in  this  case,  contains  the  protoxide :  it 
must  be  kept  from  the  air  or  it  will  pass  to  the  state  of  peroxide ;  a 
litde  metallic  tin  in  the  vessel  tends  to  preserve  it  as  a  proto-muriate. 

{d.)  It  has  so  strong  an  affinity  for  oxygen  as  to  absorb  it  from  a 
variety  of  bodies;  viz.  from  common  air,  nitric  acid,  arsenious  acid, 
and  from  red  oxide  of  mercury,  the  black  oxide  of  manganese, 
the  white  oxide  of  antimony,  the  oxigenated  salts  of  iron  and  copper, 
the  muriate  of  gold  and  of  platinum,  and  the  oxides  of  zinc  and  sil- 
ver, and  from  many  other  things ;  passing  at  the  same  time  to  the 
state  of  muriate  of  peroxide,  while  the  oxides  and  salts  are  either  met- 
allized, or  brought  to  a  minimum  of  oxidation. 

(e.)  The  solution  of  the  recent  muriate  of  tin  is  limpid,  and  yields, 
by  evaporation,  oblique  four  sided  prisms,  which  are  deliquescent 
and  acid ;  sp.  gr.  is  2.29 ;  precipitated  black  by  the  alkaline  hydro- 
sulphurets. 

(/.)  Composition,  acid  1  equiv.  37,  protoxide  1  equiv.  66,  and 
water  1  equiv.  9=112.  There  is  a  sub-muriate  with  1  equivalent 
of  acid,  2  of  protoxide  and  2  of  water. 


*  First  mentioned  by  the  late  Dr.  Woodhouso,  of  Philadelphia,  at  the  time  when 
I  was  his  pupil,  In  1802, 3,  and  4.  I  have  kept  tin-foil  in  a  bottle  of  the  strangest 
nitrous  acid  for  years,  without  any  action,  the  tin  remaining  bright. 

t  Can  this  be  one  of  the  reasons  why  strong  nitric  acid  does  not  act  upon  tin,  name- 
ly, that  there  is  nothing  to  afford  hydrogen  ? 

t  Dr.  Ure  says  one  half. 

§  Mr.  Proust  ascribes  it  to  arsenic,  hut  as  it  is  emitted  equally  by  the  purest  tin,  it 
probably  arises  from  a  suspension  of  some  of  the  metal. 
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(g.)  Muriate  of  tin  is  extensively  used  in  calico  printing,  for  dis- 
charging and  altering  colors. — (A.  A.  H.) 

Permuriate  of  tin. 

(a,)  Pass  chlorine  gas  through  the  solution  of  the  proto-muriate 
of  tiny  expelling  the  excess  of  the  gas  by  heat.  In  this  case,  water 
yields  its  elements,  the  oxygen  to  the  metal,  and  tlie  hydrogen  to  the 
chlorine.  The  crystallized  permuriate  is  composed  of  peroxide,  1 
equiv.  74 ;  acid  2,  =74,  and  water  3,  =27=176,  its  equivalent. 

(&.)  Dissolve  tin  in  nitro-muriatic  add,  mixed  in  the  proporuon 
of  3  parts  of  muriatic  to  1  of  nitric  acid ;  the  metal  is  added  in  sep- 
arate pieces,  checking  the  action  I^  immersing  the  vessel  in  cold  wa- 
ter ;  thus  the  compound  acid  will  take  up  about  half  its  weight  of 
the  metal. 

(c.)  Commonly  made  by  the  dyers,  byusinff  8  oz.  of  double  aquafortis 
with  the  addition  of  1  or  2  oz,  of  common  SMt  or  sal-ammoniac.  The 
solution  varies  in  its  properties  and  is  sometimes  a  proto-  at  others 
a  per-muriate  and  frequendy  a  mixture  of  both.*  It  takes  up  about 
one  i  of  its  weight  of  tin.  This  solution,  combined  with  tartar,  is 
used  to  give  the  scarlet  or  flame  color  to  a  decoction  of  cochineal, 
which,  without  them,  is  of  a  crimson  hue,  inclining  to  violet.f 

(d,)  It  is  probable  that  the  muriate  of  tin,  made  by  muriatic  acid 
alone,  is  in  the  best  state  for  the  dyer;  for  it  abstracts  oxygen  so  ea- 
gerly from  the  air,  that  it  will  pass  rapidly  to  the  state  of  per-muriate ; 
and  it  is  said  that  m  dyeing  with  it,  the  mere  passage  of  a  cloud  over 
the  sun  will  alter  the  shade  of  color. 

VI.   Chlorides. 

1.  Proto-^hloride.  It  may  be  formed  by  heating  an  amcdgam,  of 
tin  and  mercury,  with  calomel,  and  expelligg,  by  heat,  the  undecom- 
posed  calomel  and  reduced  mercury ;  its  solution  in  water  is  limpid, 
and  is  nothing  else  than  muriate  of  protoxide  or  proto-muriate. 

2.  Deuto^Moride  or  percUoride. 

(a.)  Long  known  under  the  name  of  fuming  liquor  of  Ijiha'oius,\ 
An  amalgam^  of  two  parts  of  tin  and  one  of  mercury,  triturated 
with  as  much  corrosive  sublimate,  and  gendy  distilled  in  a  retort  ;|| 
or  8  oz.  powdered  tin  disdlled  with  24  oz.  corrosive  sublimate. 

*  Hence  the  dyers  find  that  difierent  solutions  of  tin  give  different  shades  of  col- 
or, with  cochineal,  lac,  &c.  this  would  probably  be  remedied  by  forming  the  proto- 
muriate  first,  and  then  saturating  it  with  chlorine  gas.  A  solution  made  with  14  oz. 
of  tin,  2  lb.  of  sulphuric  acid,  and  3  of  muriatic,  is  equally  good  and  is  much  cheaper. 
Tartar  is  necessary  to  the  developementof  the  fine  color  of  cochineal. — Dr.  Bancroft. 

t  As  a  mordant,  the  muriate  of  tin,  along  with  some  tartar,  is  dissolved  in  much 
water,  and  the  cloth  is  dipped  into  the  solution  and  allowed  to  remain  till  it  is 
BufficienUy  ^saturated.  It  is  then  taken  out  and  washed  and  dried.  A  beautiful  red 
ink  may  be  formed  by  tinging  the  tincture  of  Brazil  wood,  wifli  the  nitro  muriatic 
solution  of  tin.  t  A  chemist  of  the  sixteenth  century. 

i  Amalgam  of  6  of  tin,  -|-1  of  mercury,  -{-80  corrosive  sublimate. — (H.) 
The  amalgamation  is  of  no  importance  except  to  divide  the  tin  and  render  it 
pulverulent. 
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(b.)  Product. — First y  a  colorless  fiuiiy  then  suddenly  and  almost 
explosively^  a  thick  vapor^  which  condenses  in  the  receiver  into  a 
liquor  that  smokes  in  Uie  air,  but  not  in  close  vessels. 

Hiis  is  a  dry  perchloride  of  iin^  and  the  smoking  arises  from  its 
attraction  for  the  water  of  the  air. 

(c.)  Chlorine  gas  inflames  tin  flings  when  ihroum  into  it;  they 
bum  with  <i  bluish  white  flame,  and  the  product  is  a  deuto-chloride ; 
the  same  that  is  formed  by  the  indirect  process  of  Libavius. 

(d.)  Aqueous  solution  of  chlorine  readily  dissolves  tin  without  efferv- 
eseenee^  and  forms  a  muriate ;  the  proto-muriate  of  tin  precipitates 
gokl  of  a  purple  color  from  its  solution,  forming  the  purple  precipi- 
tate of  Cassius;  but  the  permuriate  does  not  precipitate  it  because 
it  is  saturated  with  oxygen. 

VII.  Iodine  combines  directly  with  tin  by  heating  them  together ; 
or,  solution  of  hydriodic  acid  or  of  a  hydriodate  added  to  the  solution 
of  proto-muriate  of  tin,  aflS>rds  an  orange  precipitate. 

VIII.  Alkalies. — Concentrated  solution  ofpotassoy  soda^  or  om- 
monia  boUed  on  tinMingSy  or  tin  fdl,  dissolve  a  little  which  is  thrown 
down  by  an  acid.  Ternary  crystallizable  compounds  of  acid,  alkaK 
and  oxide  of  tin  are  sometimes  formed ;  alkalies  precipitate  the  solu- 
tions of  tin— zinc  decomposes  them,  forming  a  tree. 

IX.  With  the  earths,  the  oxide  oftin^  by  fusion,  oxide  of  lead 
being  added,  ybrm#  an  opake  white  enamel,  and  the  same  mixture  is 
used  to  glaze  earthen  ware. 

X.  Salts. 

1.  By  heat,  the  sulphates  are  changed,  by  tin,  into  sulphurets. 
3.  The  nitrates  defiagrate  with  tin  at  a  hsgh  temperature. 
One  part  of  tin  filings  with  three  of  mtre,  the  mixture  being 
thrown  mto  a  red  hot  crucible,  produces  a  splendid  deflagration ;  ni- 
tre wrapped  in  folds  of  tin  foil  and  thrown  upon  the  red  hot  coals, 
produces  a  similar  efiect. 

3.  TKe  chlorate  ofpotassa,  2  parts,  mixed  with  1  of  jme  tin  fl- 
ingSf  detonates  by  percussion,  and  deflagrates  splendidly ,  on  the  hot 
coals. 

4.  Muriate  of  ammonia  is  deamposed  by  tin,  (equal  parts,)  am- 
Hioniacal  gas  rises  and  muriate  of  tin  results. 

XI.  Allots. — Tin  forms  a  part  of  many  curious  and  useful  al- 
loys, most  of  them  with  metals  not  yet  described. 

1 .  Cobalt  gives  a  granular  alloy  of  a  light  violet  color* 

2.  Bismuth,  with  tin,  affords  a  brittle,  hard,  laminated  mass ;  some- 
times an  ingredient  in  pewter,  to  which  it  gives  whiteness  and  hardness.* 


sso° 


*  Equal  parts  melt  at  280^ ;  8  tin  and  1  bismuth,  at  S90^ ;  2  tin  and  1  bismuth,  at 

mo 
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The  muriatic  acid  will  dissolve  the  tin,  and  leave  the  bismuth,  as 
black  powder.* 

3.  Artenie — an  aUoy  of  15  parts  of  tin  to  1  of  arsenic  crystallizes  in 
large  plates  like  bisfimthj  but  it  is  more  brittle  than  bismuth,  and  less  fu* 
sible  man  tin.    The  arsenic  may  be  expelled  by  heat  in  the  open  air.f 

4.  ZinCy  with  tiny  produces  a  hard  metai,  of  a  fine  close  grain  ; 
of  which  the  ductility  is  greater,  the  mcHre  tin  it  contains ;  often  the 
principal  ingredient  in  pewter,  zinc  being,  from  economy,  substituted 
for  bismuth,  to  give  it  hardness,  but  more  of  zinc  than  of  bismuth  is 
required. 

5.  The  aUoy  of  antimony  and  tin  is  white  and  brittle^  and  is  em- 
ployed for  plates,  to  engrave  music  upon ;  (dsoy  17  parts  of  antimony 
with  100  of  tin  form  an  excellent  pewter,  and  perhaps  a  still  better  is 
made  with  tin  100,  antimony  8,  copper  4,  and  bismuth  l.J — Gray. 

XII.  PoLAKiTY — negative  in  the  galvanic  circuit. 

Xni.  Natural  history. — Tin  is  a  rare  metaly  at  least  in  Europe. 

The  only  ustful  ore  is  the  oxide,  and  no  other  is  tcronghi.  It  is 
frequently  crystallized  in  quadrilateral  prisms,  the  color  is  brown  and 
black,  of  many  shades.  The  Cornish  tin  usually  contains  about  j^^ 
of  copper,  but  hardly  a  trace  of  arsenic ;  and  a  groundless  alarm, 
raised  many  years  ago  on  the  subject  of  arsenic  in  tm,  has  long 
since  subsided. 

The  alluvial  or  stream  tin  is  peculiar  to  Cornwall  ;^  it  appears  to 
have  been  washed  and  rounded  by  friction  in  water ;  it  is  usually 
fibrous  in  its  structure,  and  has  therefore  been  called  wood  tm.|| 

XIV.  ExTRACTioN.IT— T%€  drcsscdy  picked  and  roasted  ore  is  ^- 
nited  with  fine  charcoal  in  a  reverberatory  furnace  ;  the  carbon  ab- 
stracts the  oxygen,  and  gives  the  tin  the  metallic  form.** 


*  Four.  YI,  37.  This  alloy  has  the  beautiful  whiteness  of  fine  slider,  *<aiid  may 
be,  and  probably  is  used  for  omamentiDg  the  iron  work  of  chariot." — Bl.  11,  680. 

f  Th^nard,  I,  282. 

t  Tiu,  alloyed  with  8  per  cent,  of  antimony,  with  a  little  copper,  forms  the  best 
Britannia  metal  imported  into  this  country,  as  1  have  found  by  its  analysis. — 6.  C. 

§  It  is  found  in  Siberia,  Saxony,  Bohemia  and  France,  but  the  richest  and  most  an- 
cient mines  perhaps  in  the  world,  are  in  Cornwall,  England.  These  are  less  rich 
than  formerly,  and  I  found  on  visiting  thorn,  in  1806,  that  more  copper  than  tin  is  ob- 
tained there.  Tin  is  brought  also  from  Banca  and  Malacca,  and  is  particularly  pure. 
It  is  said  to  be  abundant  in  Mexico. 

II  It  is  near  Redruth,  and  would  be  called  in  geolo^  a  diluvial  deposit ;  it  is  cover- 
ed by  60  feet  of  clay,  in  which  were  found  the  antlers  of  a  stag,  a  human  scull,  and 
a  copper  battle  axe ;  in  descending,  the  clay  is  succeeded  by  rounded  stones,  and 
then  comes  the  tin,  in  a  loose  bed  from  one  foot  to  five  in  thickness. — Mkins*  Diet, 

IT  For  many  curious  facts  respecting  the  varieties  of  tin  in  commerce,  see  Gray's 


'Operative  Chemist,  p.  629. 
*•  Each  ingot  is  ♦*  coin 


ngot  is  **  coined^*  or  assayed,  and  if  of  the  proper  fineness,  it  receives  the 
nUgfiD  of  the  Duchy,  paying  four  shillings  to  the  Prince  of  Wales  for  every  hundred 
weigiit.    There  is  a  local  court  for  the  decision  of  questions  connected  with  the 
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XV.  Uses. — These  are  familiar j  and  the  history  of  the  metal 
shows  that  they  are  numerous  and  important^  as  in  forming  tin  plate, 
in  tinning  copper  and  iron  vessels,  in  making  gun  and  bell  metal, 
pewter,  and  block  tin  ware.  The  pipes  of  organs,  music  plates,  tin 
foil,  oxide  of  tin  for  polishing,  and  the  muriate  for  dyemg — all  these 
are  examples  of  its  utili^.''^ 

Tin  takes  oxygen  from  most  of  the  metallic  salts  and  oxides,  caus- 
ing them  to  precipitate  either  as  metals  or  protoxides.  Tin  is  there- 
fore very  useful  m  analysis. 

The  jndvis  stanni  is  a  feeble  antheknintic.f 

Sec.  XXIX. — Lead.| 

I.  History. — Knoum  from  the  remotest  ages  ;  often  mentioned  by 
Moses.  By  the  alchemists,  called  Saturn;  and  the  derivative  satur- 
nine, is  still  applied  to  some  of  its  preparations. 

To  obtain  it  pure,  the  nitrate  of  lead  was  repeatedly  crystallized, 
by  Berzelius,  till  carbonate  of  ammonia  indicated  no  copper ;  the 
nitrate  was  then  reduced  by  charcoal.  (H.) 

II.  Properties. 


mines ;  it  is  held  at  Helston,  and  it  is  called  the  stannary  court,  and  the  laws  are 
styled  stannary  laws.  The  average  annual  produce  of  the  Cornish  mines,  anterior  to 
1806,  when  I  was  in  that  country,  was  3000  tons.  Great  piles  of  blocks  of  stamped, 
or  coined  tin  were  lying  in  the  public  square  in  Truro,  the  capital  of  Cornwall. 

*  Many  bemttiful  ornaments  of  domestic  furniture^  are  now  made  by  crystal- 
izing  tin,  as  it  is  called;  it  is  effected  by  the  action  of  the  mineral  acids  upon  tin 
plate. 

1.  Nitric  acid  4  parts,  common  salt,  or  sal  ammoniac  1,  and  distilled  water  2. 

2.  Nitric  acid  2,  muriatic  1,  water  2  to  4. 
8.  Nitric  acid  1,  muriatic  2,  water  8. 

4.  Nitric  acid  2,  muriatic  2,  water  2,  sulphuric  acid  2. 

A  sponge  is  moistened  with  one  of  these  fluids,  and  applied  on  the  tin  surface  ;  if 
the  latter  is  warm,  or  the  acid  but  little  diluted,  the  effect  happens  in  one  minute  ; 
otherwise,  in  from  5  to  10  minutes.  Cold  water  is  then  applied,  and  the  surface 
washed  with  cotton  or  a  feather,  (never  with  the  hand,)  and  it  is  allowed  to  dry. 
The  acid  should  never  be  poured  on,  which  would  occasion  spots. 

Various  figures  are  produced  by  laying  the  tin  plate  upon  a  red  hot  iron,  while  the 
acid  is  applied  on  the  other  side ;  and  the  use  of  the  blow  pipe  forms  in  the  same 
manner,  stars  and  other  beautiful  figures,  the  perfection  of  which  depends  on  the 
tact  of  manual  dexterity,  especially  m  washing  at  the  proper  moment ;  a  second  too 
soon  or  too  late  will  spoil  the  effect.  The  washing*  should  be  done  with  river  or  dis- 
tilled water,  slightly  acidulated  with  vinegar  or  a  mineral  acid,  1  oz.  to  1  litre.  A 
varnish,  frequently  a  colored  one,  is  applied  over  the  surface. — Annales  de  L*lndus- 
trie,  &c.  tome  II.  page  17.    The  citric  acid  is  sometimes  used. 

t  It  should  be  prepared  from  the  pure  tin ;  pewter  often  contains  lead,  rarely  ar- 
senic ;  still,  an  alarm,  raised  in  France,  as  to  arsenic  in  tin,  produced  a  dissertation 
hy  Schultz,  which  he  entitled  "  Dissertatio  de  morte  in  oUa,"  alluding  no  doubt  to 
the  story  of  the  sons  of  the  prophets.  While  tin  is  almost  as  heautiml  as  sUver,  it 
is  one  of  the  most  innocent  of  metals  in  relation  to  the  animal  economy. 

t  Olim  Saturn  and  plumbum.  The  mythological  allusion  is  said  to  be  to  the  char- 
acter assigned  to  Saturn,  of  devouring  his  children,  as  lead,  in  cupellation,  absorbs 
all  metals  except  gold  and  nlver. — Laugier. 
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(a.)  Color  bluish  whxte^  when  fresh  mehed  or  cut ;  considerable 
lustre^  but  much  less  briUiant  than  tin.  ^ 

(6.)  Easily  tarnished  in  the  air^  and  assumes  the  well  known  hue, 
called  a  leaden  color. 

(c.)  Easily  cut^  by  a  knife,  or  scratched  by  the  nail ;  softer  than 
most  natural  bodies. 

(d.)  Very  little  elasticity;  not  sonorous  by  percussion;  possesses 
litde  ductility.* 

(e.)  Very  malleable;  can  be  beaten  mto  thb  leaves;  perfectly 
flexible. 

(f.)  Imparts  little  taste^  but  on  friction,  emits  a  peculiar  smeB. 

{g.)  Sp.  gr.  11.352.  In  weight  it  is  next  below  palladium,  and 
next  above  bismuth  and  silver ;   it  is  lighter  than  iridium. 

(h).  It  stains  paper  and  the  fingers,  a  bluish  gray. 

(f.)  A  very  good  conductor  of  heat ;  not  very  dilateable. 

(&.)  Mdts  at  612^.f  At  full  ignition,  lead  boils,|  and  passes  oflT 
in  noxious  vapor. 

(Z.)  By  very  slow  cooling^^  crystallizes  in  groups  of  quadrangular 
pyramids. 

(m.)  Lead  may  be  granulated,  divided  into  shot,  cast  into  balls, 
and  extended  into  sheets.  The  granulation  is  sometimes  e&cted  by 
agitating  the  melted  lead  in  an  iron  mortar,  or  stirring  it  with  the  pes* 
tie.  Or,  in  an  oval  wooden  box,  chalked  inside,  and  fitted  with  par- 
tial partitions,  the  melted  lead,  (the  lid  being  on),  is  violently  dashed 
and  shaken,  and  is  thus  converted  into  grains. 

(n.)  BuUets\\  are  cast  in  a  mould,  consisting  of  two  hemispherical 
parts,  which  open  and  shut  like  a  nut*cracker. 

Shot  were  formerly  cast  in  the  same  manner,  but  it  is  long  since 
they  have  been  made,  exclusively,  by  the  mere  gravitation  and  granu- 
lation of  the  lead. 

(o.)  This  is  not  efiected  weU,  without  the  addition  of  arsenic.lT 


*  A  wire,  1-lOth  of  an  inch  in  diameter,  sustains  scarcely  thirty  pounds,  '*hut 
a  rod  of  cast  lead  becomes  nearly  quadruple  in  strength  by  wire  drawing."  (Bl.  It, 
603.)  Neither  its  sp.  gr.  nor  hardness  is  increased  by  hammering,  a  fact  peculiar  to 
this  metal.  t  Crichton. 

%  November,  1826, 1  made  it  boil  rapidly,  on  a  ladle,  in  a  charcoal  fire,  in  a  little 
earthen  furnace,  and  abundant  fumes  arose,  which  were  carefully  avoided.  On 
cooling,  the  surface  was  found  covered  with  a  beautiful  yellow  crust  of  fused 
massicot.  The  lead  was  left  porous  and  vesicular,  in  consequence  of  the  vapor  of 
the  metal  being  formed  and  condensed. 

§  More  especially  after  repeated  fusions,  (which  is  the  case  with  tin  also.) 

II  If  greater  hardness  is  needed,  bismuth  may  be  added. 

1[  About  two  per  cent,  of  white  or  yellow  arsenic  is  added  to  the  soft  pig  lead,  in  ■ 
an  iron  pot,  which,  protected  by  a  tight  cover,  is  heated  red  hot  for  three  hours,  and 
the  quantity  of  lead  is  then  doubled  by  fusion ;  trial  is  made  by  dropping  it  from  two 
feet  in  height  into  water,  and  if  the  shot  be  not  round,  more  arseniated  lead  is  ad- 
ded, and  the  height  increased  from  10  to  150  feet,  as  the  shot  are  to  bo  coarser  oi- 
finer. — Gray. 
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(v.)  Shot  towers  are  erected  to  give  the  requieite  devatiion  to  the  cut- 
lender^  through  which  the  melted  lead  streams,  divides  into  metallic 
spray,  is  chilled  in  the  air,  and  congealed  or  cooled  in  the  water.* 

(q.)  Lead  is  cast  into  sheets j  by  letting  it  run  out  of  a  box  through 
a  long  horizontal  slit  at  the  bottom  while  the  box  is  drawn  along  &e 
table,  leaving  the  melted  lead  behind  it  to  congeal.  The  Chinese 
cast  it  extremely  thin  in  thb  way  on  cloth  for  lining  their  chests  of  tea.f 
Bl.  II.  605.  It  is  also  rolled  to  give  it  the  proper  degree  of  extension 
and  thinness.  The  melted  lead  is  often  poured  on  a  flat  stone,  and 
another  flat  stone  is  dashed  down  upon  it,  by  which  it  is  pressed 
out  into  a  thin  sheet ;  the  edges  are  trimmed,  and  the  sheets  are 
soldered  together  for  use. — Gray.  The  sheets  are  from  one  twelfth 
of  a  line  to  three  or  four  lines  in  thickness. 

lU.  Relation  to  oxygen. 

(a.)  Tarnished  lead  undergoes  only  a  superficial  change^  and  then 
remains  nearly  unaltered ;  or  after  a  long  time  it  becomes  wUiishj  and 
eventually  sheet  lead  is  rendered  brittle  through  and  through. 

(&.)  Vnder  the  mouth  blowpipe^  lead  is  wasted  away  in  a  cloud  of 
oxide,  but  without  any  thing  very  remarkable. 

(c.)  In  the  ftnms  of  the  compound  blowpipe^  it  bums  with  a  bril- 
liant white  flame^  and  with  an  energy  very  nearly  equal  to  that  of  tin  ; 
the  fumes  which  rise,  in  a  dense  cloud,  should  be  anxiously  avoided, 
as  they  are  very  dangerous. 

(d.)  Fused  m  the  airy  a  dull  gray  peUide  soon  appears,  and  if 
removed  as  often  as  formed,  the  whole  will  be  converted  into  a  sub*- 
stance  which  is  only  a  mixture  of  metallic  lead  and  yeUow  oxide.} 

IV.  Oxides. 

1.  Protoxide. 

(a.)  Jff'the  grayish  dross  is  heated  in  the  air,  to  low  ignition,  it  ab*- 
sorbs  more  oxygen,  becomes  first  dull  yellow,  and  is  called  common 
massicot,  and  by  a  higher  heat,  and  longer  exposure,  it  assumes  a 
deeper  yellow,  and  is  then  called  massicot.^ 

*  The  shot  are  uot  all  regular,  and  to  sort  them,  they  are  sifted  oq  an  inclined 
plane ;  the  pear  shsped  grains  deviate  in  curves  to  the  right  and  left,  while  the  round 
shot  run  straight  down.  A  sort  of  funnel  at  the  bottom  divided  by  partitions,  that 
conduct  to  different  boxes,  receives  the  descending  grains ;  the  middle  boxes  catch 
the  round  grains,  and  those  on  each  side  the  irregular  grains,  good  enough  for  low 
priced  shot,  while  the  worst  are  melted  again,  and  the  good  are  sorted  into  sizes  by 
sieves. 

t  A  small  portion  of  tin  is  added  to  the  lead  used  for  this  purpose ;  the  thinnest 
sheets  contain  the  largest  quantity,  and  are  used  for  enclosing  the  best  teas;  the  sur- 
face of  this  compound  is  generally  covered  with  acetate  of  lead. — A.  A.  H. 

1 1  have  already  stated,  that  I  have  seen  it  formed  in  great  beauty,  and  crystallized 
in  lamioae,  when  the  lead  was  in  full  ebullition.  As  in  the  case  of  tin,  this  dross,  as 
it  is  called,  is  a  good  prize  for  the  itinerant  workmen,  who  know  bow  to  increase  its 
quantity  by  frequent  agitation  and  removal,  and  they  know  also  how  to  reduce  it  by 
heating  it  with  charcoal,  &c. 

§  Prepared  also  by  heating  red  lead  or  nitrate  of  lead,  to  redness  in  a  platinum  cru- 
cible. 
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(6.)  Its  composition^  is  admitted  as  being  lead  1  equiv.  104,  + 
oxygen,  1  equiv.  8=112. 

(c.)  Insolvble  in  water,  melts  at  ignition,  unchanged  by  heat  in 
close  vessels — is  the  basis  of  the  salts  of  lead,  and  is  precipitated  by 
alkalies  from  acid  combinations,  as  a  wliite  hydrate  ;  excess  of  potas- 
sa  redissolves  it. 

(d.)  The  litharge  of  commerce  is  the  semi-vitrijied  protoxide  of 
had,  with  about  4  per  cent,  of  carbonic  dcid. 

(e.)  Re4  had,  by  suffering  a  partial  fusion  and  vitrification,  and 
losmg  one  half  an  equivalent  of  oxygen,  assumes  a  glossy,  sub-crystal- 
line character  and  a  reddish  yellow  color,  and  becomes  litharge.  By 
long  exposure  to  air  and  to  a  moderate  heat,  it  will  reabsorb  oxygen 
and  become  again  red  lead  : 

(/.)  Or,  the  yellow  protoxide,  heated  so  as  to  produce  a  partial 
vitrification,  becomes  litharge,  without  previously  becoming  red  lead. 
Thus,  litharge  is  a  kind  of  middle  term  between  protoxide  and  deu* 
toxide  of  lead,  not  however  in  the  proportion  of  oxygen,  but  in  the 
mode  of  aggregation  and  shade  of  color.''^ 

2.  Deutoadde. 

(a.)  The  protoxide  or  metallic  lead,  being  heated  in  a  reverberator 
ry,  and  the  flame  playing  upon  the  surface  without  causing  it  to  melt, 
it  wUl  within  forty  eight  hours,  become  the  red  oxide,  the  minium  or 
red  lead  of  commerce  ;f  when  metallic  lead  is  employed,  it  is  first 
melted,  then  converted  into  yellow  oxide,  and  then  into  minium. 

(&.)  The  minium\  of  commerce  is  not  pure,  containing  sulphate, 
sub-muriate,  and  protoxide  of  lead,  and  silica  ;  the  protoxide  may 
be  removed  by  acetic  acid,  which  does  not  dissolve  the  red  oxid?« 

(c.)  Most  authors  admit  red  lead  as  the  deutoxide,  but  Long- 
champ]:  regards  it  as  composed  of  equal  parts  of  tritoxide  and  litharge, 
soon  to  be  desciribed.  Dr.  Thomson<^  considers  red  lead  as  a  mixture 
of  protoxide  and  deutoxide,  sometimes  with  nearly  half  of  the  for- 
mer. After  the  protoxide  is  separated  by  acetic  acid,  the  real  deu- 
toxide has  a  dark  red  color,  without  the  beauty  of  minium.  The 
common  minium  is  of  a  splendid  red ;  by  heat,  it  gives  up  a  part  of 
its  oxygen,  and  passes  to  the  condition  of  protoxide.  Its  composition 
appears  to  be  one  equivalent  of  lead  104,  +  Ij  of  oxygen  12,  =  116. 


*  The  litharge  of  commerce,  being  produced  chiefly  during  the  extraction  of  gil- 
▼er  from  lead  ores,  obtains  its  name  of  silver  stone,  (Xtdo5  opyvpiw,)  from  that  cir- 
cumstance. 

t  Very  beautiful  red  lead,  can  be  produced  only  in  the  large  way ;  the  color  pro- 
duced in  our  laboratories,  never  risinji  higher  than  yellow ;  £>r  the  details  of  the 
manufacture  of  red  lead,  see  Aikins'  Diet,  Gray's  Op.  Chem.,  and  Th^nard,  5th  Ed. 
Vol.  II,  p.  887. 

X  Henry,  and  Ann.  de  Chim.  et  de  Phys.  34, 104. 

§  First  Prin.  1,397. 

Vol.  n.  31 
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It  is  thought  that  there  is  an  oxide  of  lead  with  a  smaller  proportion 
than  that  in  the  protoxide ;  if  this  should  be  established,  it  may  re- 
move  the  fractbn  between  the  deut-  and  tritoxide. 

3*  TrioxMfe.-i— Processes. 

{a.)  Formed  by  passing  an  excess  of  chlorine  gas  ihrovgh  water, 
containing  oxide  of  lead,  suspended,  or  acetate  of  lead  dissolved ; 
water  yields  its  elements,  the  oxygen  to  the  oxide  of  lead  to  form 
the  tritoxide,  and  the  hydrogen  to  the  chlorine  to  form  muriatic  acid. 

(6.)  The  usual  course  is  to  mix  red  had,  1  part,  and  nitric  acid, 
5  or  6,  Vfith  as  much  water;  one  half  the  deutoxide  gives  half  its 
oxygen  to  the  other,  which  thus  becomes  tritoxide,  and  the  protoxide 
remaining^  forms  with  the  acid,  nitrate  of  lead  ;  this  is  diluted  with 
warm  water,  and  decanted,  and  the  insoluble  oxide  washed  in  the 
same  manner  until  it  is  tasteless ;  it  is  then  dried  away  from  the  air. 

(c.)  Properties.'-^Color  brown,  commonly  said  to  be  puce  or  flea 
colored,  very  fine  and  light,  insoluble  in  nitric  acid  ;  heated  moder- 
ately, especially  with  the  addition  of  sulphuric  acid,  it  gives  out  oxy- 
gen and  becomes  deutoxide,  and  at  a  cherry  heat,  it  emits  more  and 
becomes  protoxide.* 

Peroxide  of  lead  triturated  in  a  mortar  with  sulphur,  bits  of  phos- 
phorus being  subsequently  added,  occasions  a  violent  explosion. 
More  chlorine  is  obtained  by  adding  muriatic  acid  to  this  oxide,  than 
to  any  other  oxide  of  lead. 

(d.)  Composition^ — ^Lead  1  equiv.  104,  -f  oxygen  2  equiv.  16, 
sl20  ;  thus,  the  numbers  representing  these  three  oxides  are  112, 
116,  120,  and  the  oxygen  is  m  the  proportion  of  1,  1^^,  and  2 ;  if 
we  suppose  a  still  lower  oxide,  containing  one  half  as  much  oxygen 
as  the  protoxide,  then  all  the  above  numbers  will  be  doubled,  and 
they  will  stand  2,  3,  4,  but  this  has  not  yet  been  proved  to  be  true. 

Remarks  on  the  oxides  of  Lead, 

(a.)  TTl^jf  are  aU  easily  reduced,  by  ^ition  with  charcoal,  (car- 
bonic acid  or  oxide  gas  being  formed,)  or  by  hydrogen  gas,  heated  in 
contact  with  them,  by  a  burning  lens,  in  a  glass  jar,  or  passed  over 
them  ignited  in  a  tube,  when  water  will  be  formed. 

(6.)  Easily  vitrified  by  heat,  oxygen  is  expelled  from  the  deutox- 
ide and  tritoxide,  and  the  resulting  protoxide  melts  into  a  yellow 
glass. 


•  AccordiDg  to  Proust,  red  load  is  composed  of  protoxide  and  tritoXide  ;  the  acid 
tbea,  accordiDg  to  thU  view,  dissolyes  the  first  and  leaves  the  other. 
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(c.)  lAtharge,  ignited  in  an  earthen  crudbUj  makes  its  way 
through  the  bottovHf  and  glazes  it  of  a  beautiful  yellow,  as  I  have  re* 
peatedly  seen. 

{d.)  On  account  of  their  disposition  to  vitrify^  especially  with 
earthy  bodies,  the  oondes  of  lead^  especially  litharge,  are  much  used 
in  glazihg  earthen  ware.^ 

V«  Water  is  not  decomposed  by  lead;  it  has  been  supposed  to  be 
Uable  to  dangerous  impregnation  from  being  kept  in  ihat  metaJ^  but 
it  appears  from  the  experiments  of  Dr.  Christison,f  that  in  pure  wa- 
ter it  is  oxidized  with  considerable  rapidity,  carbonate  of  lead  in 
white  crystalline  scales,  being  formed  by  the  action  of  the  oxygen 
and  carbonic  acid  of  the  air ;  while  saline  matter,  sometimes  even 
in  \exY  mbute  quantity,  prevents  the  corrosion  of  the  lead,  and  that 
therefore  many  kinds  of  spring  water  may  be  safely  kept  in  leaden 
cistemsj; 

VI.  Combustibles. — Lead  unites  vfith  sulphur  and  phosphorus. 

1.  Sulphur. 

(a.)  To  Sports  of  melted  lead  add  1  of  sulphur  ^  and  stir  them; 
heat  is  evolved,  sometimes  even  to  incandescence,  and  a  sulpliuret 
is  formed,  a  black  scaly  powder,  which  after  fusion  appears  in  fa- 
cets like  galena,  and  in  chemical  properties  is  the  same. 

lb,)  Composition. — ^Lead  1  equiv.  104+  sulphur  1,  16=120, 
ana  when  converted  into  sulphate,  the  acid  and  oxide  exactly  sat- 
urate each  other.  Hydro-sulphurets  and  sulphuretted  hydrogen, 
precipitate  the  salts  of  lead  forming  hydro-sulphurets,  and  by  heat, 
sulphurets. 

2.  Phosphorus.— PAojpAttrc/. 

{aA  Formed  by  dropping  phosphorus  into  mdted  lead^  and  quickly 
covenng  the  crucible. 

Of.\  Or,  by  heating  equal  parts  of  lead  filings  and  phosphoric  glass 
wini  t  of  charcoal  powder. 

*  .Common  red  wafers  are  colot^d  by  red  lead ;  if  some  ten  or  twenty  of  them  are 
strung  together  on  a  wire,  and  held  in  a  candle  blaze,  many  minute  globules  of  metal- 
lic lead  will,  by  a  little  jarring,  fall  on  a  piece  of  white  paper  held  beneath.  The 
-finest  red  wafers  are  colored  by  cinnabar,  (sulphuret  of  mercury.)  The  oxides  of  lead 
are  much  used  in  painting,  in  forming  flint  glass,  in  glazing  earthen  ware,  in  forming 
sugar  of  lead,  plasters,  &c. 

f  Turner,  2d  Ed. 

X  I  have  never  been  able  to  detect  lead  in  any  water  drawn  through  leaden  tubes; 
even  the  hydro  sulphurets  of  the  alkalies  producing  no  discoloration,  and  I  have  given 
this  opinion  when  consulted  as  to  the  safety  of  lead  in  such  cases,  that  there  can  be 
no  danger,  provided  the  tube  or  vessel  be  kept  full  of  water,  so  as  to  exclude  the  at- 
mosphere ;  for  at  the  line  of  junction  of  air,  lead  and  water,  I  believe  there  is  always 
an  action,  probably  galvano-chemical.  It  would  however  require  strong  evidence 
to  prove  that  water  strongly  impregnated  with  saline  and  acid  ingredients  would  not 
act  upon  lead,  especially  if  the  air  nad  access.  It  is  said  that  carbonate  of  lime  dis- 
solved in  water,  acts  principally  on  the  lead  solder.  In  all  cases  where  lead  tubes 
and  reservoirs  are  used  to  contain  water,  it  should  be  occasbnally  examined  by 
means  of  the  hydro-sulphurets. 
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(c.)  Easily  cut — it  breaks  into  lamine ;  the  phosphorus  is  expel- 
led by  heat.     Composition,  12  parts  phosphorus,  88  lead.* 

VII.  Acids,  unite  only  with  the  protoonae  of  lead,  and  not  with  the 
higher  oxides ;  alkalies  precipitate  a  hydrated  oxide. 

!a.)  The  sulphuric  ;  tittle  or  no  action  in  the  cold,\ 
b.)   With  eoullitiony  the  acid  is  in  part  decomposed;  the  lead  is 
oxidated,  and  an  insoluble  sulphate  of  lead  is  produced. 

(c.)  More  easily  formed  by  adding  sulphuric  aeidj  or  any  alkaline 
soluble  sulphate,  to  the  acetate  or  nitrate  of  Iead.| 

(d.)  Properties.^ — Insoluble  in  water;  slighdy  soluble  in  sul- 
phuric acid;  the  super  sulphate  forms  a  few  needle  crystals  by 
evaporation ;  vaporized  at  a  high  temperature :  comparatively  harm- 
less, on  account  of  its  insolubility,  and  therefore  a  solution  of  sulphate 
of  soda  or  of  magnesia,  or  alum  may  be  given  as  an  antidote  to  lead 
poisons. 

(e.)  Composition,'-' 

Protoxide  112==    lead  104+1  oxygen.  8 
Acid    40=  sulph.    16+  3      "     24 

152 

per  cent,  acid,  26.34 
oxide,  73.66 


100.00 

150  of  the  sulphate  of  lead  represent  a  litde  more  than  100  of 
the  metal. 

Sulpliite  of  lead  is  of  no  importance. 

3.  (a.)  Nitricaddis  the  only  proper  solvent  of  lead. 

{b.)  Somewhat  diluted  and  heated,  it  dissolves  lead  readily,  and 
emits  nitric  oxide  gas. 

(c.)  The  protoxide  and  the  hydrate  are  dissolved  without  efferves- 
cence ;  the  carbonate  with  extrication  of  carbonic  acid  gas. 


♦  Thtnard,  Vol.  I.  p.  184.— Ace.  Vol.  II.  p.  112. 

t  Hence  sheet  lead  is  used  to  line  die  oil  of  vitriol  chambers,  and  the  first  concen- 
tration is  performed  in  leaden  boilers,  although  finished  in  glass  or  platinum. 

X  Found  native  at  Lead  Hills  in  Scotland,  and  at  Paris  Mountain  in  Anglesey, 
crystallized  in  quadran^lar  pyramids,  in  the  laUer  case,  and  in  the  former  in  trans- 
parent tables.    Found  richly  argentiferous  at  Monroe,  Connecticut 

§  Produced  in  immense  quantities  in  preparing  the  alum  liouor,  or  acetate  of 
alumina,  for  the  calico  printers ;  acetate  of  lead  is  mixed  with  aJum.  For  various 
processes  by  which  this  sulphate  may  be  turned  to  account,  see  Ann.  de  Chim.  et  de 
Pbys.  T.  XX,  p.  275,  and  Th^nard,  5di  £d.  Vol.  Ill,  p.  200.  The  following  may 
be  useful. 

1.  Sulphate  of  lead  is  mixed  with  3  per  cent,  (trols  centi^mes,)  of  charcoal,  and 
heated  to  redness :  products,  sulphurous  acid  gas,  and  oxide  of  lead. 

2.  Silica,  by  ignition,  forms  with  this  salt  a  glass  of  lead,  which  may  be  used  u» 
glazing,  anid  forming  crystal  glass. 
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{d.)  Minium,  as  already  stated,  is  partly  dissolved  and  partly 
peroxidized. 

either  case,  a  nitrate  of  lead  is  found  in  solution. 
The  concentrated  acid  leaves  a  dry  mass,  which  is  a  sub* 
nitrate. 

Properties. 

(a.)  Soluble  in  8  parts  of  water;  the  solution  is  not  decomposed 
by  that  fluid;  taste  sweetish  and  acrid;  by  evaporation  affords  tetra- 
hedral,  or  octahedral  crystals.^ 

(b.)  On  burning  coals  they  decrepitate,  but  do  not  deflagrate* 
This  salt  is  decomposed  by  heat,f  and  -the  oxide  is  precipitated  by 
alkalies. 

(cA  The  solution  of  the  nitrate  is  one  of  the  best  forms  in  which  a 
soluble  salt  of  this  metal  can  be  kept  for  use  ;  it  is  best  made  by  de- 
composing acetate  of  lead  by  carbonate  of  potassa :  washing  the  re- 
siduum tiU  it  is  tasteless,  and  then  dissolving  it  in  diluted  nitric  acid. 

(d.)  Composition, — acid  1  equiv.    54 
oxide  of  lead  1      ''     1 12 

166  its  equivalent. 

There  are  several  other  varieties  of  nitric  salts  of  lead.  A  sub- 
nitrate  is  formed  by  boiling  together  in  water,  equal  parts  of  nitrate 
and  protoxide ;  or  10  of  nitrate  with  7.8  of  lead ;  pearly  scales  are 
the  result.| 

3.  {a.)  Muriatic  add,  even  wheki  hot,  scarcely  oxidizes  lead. 

ib.\  The  muriate  and  chloride  of  lead  were  formerly  confounded. 
c.)  The  muriate  is  formed  by  the  action  of  muriatic  acid  upon 
the  oxides  of  lead,  restricting  the  statement  to  the  part  which  is  dis- 
solved, this  alone  is  regarded  as  true  muriate,  while  the  white  pre- 
cipitate is  chloride.  ^ 

{d.)  The  muriate  is  most  easily  formed,  by  mingling  the  solution 
of  any  soluble  alkaline  or  earthy  muriate  with  that  of  the  nitrate  or 
acetate  of  lead. 

{e.)  Soluble  in  dilute  nitric  acid;  in  22  parts  cold  water,  and  in 
much  less  of  boiling  water,  so  that  in  cooling  small  needle  prisms 
are  deposited,^  and  larger  ones  by  slow  evaporation. 

*  Dr.  Black  asserts,  (Vol.  II,  p.  S08,)  that  they  are  triansular  prisms,  like  those 
used  for  optical  experiments.  Mr.  G.  Chilton,  of  N.  York,  has  large  octahedra  and 
tetrahedra,  with  all  the  modifications,  formed  hy  LeBlanc's  method  of  increase. 

t  The  nitrous  or  hypo-nitrous  acid  heing  obtained  in  this  manner. — Vol.  I.  p.  452. 

t  For  a  notice  of  uie  nitrite — sub-nitrite,  and  hypo-nitrite»  see  Henry,  11th  Ed. 
Vol.  II,  p.  128,  and  Annales  de  Chimie,  Tome  LXXXIII. 

§  Muriate  of  nlver  is  entirely  insoluble  even  in  boiline  water,  and  is  promptly  tar- 
nished by  light,  which  forms  an  excellent  distinction  between  it  and  muriate^  of 
lead :  the  muriate  of  lead  may  also  be  entirely  separated  from  the  muriate  of  silver, 
by  boiline  water,  and  it  is  soluble  in  acetic  acid,  which  is  not  the  fact  with  the  suU 
phate  of  lead,  and  muriate  of  silver. 
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Chloride*  ^ 

Sa.)  All  the  solid  muriates  of  lead  are  now  regarded  as  ehhrides  ; 
udiag  the  precipitate,  the  crystab  and  the  translucent  fused  muri- 
ate, formerly  called  plumbum  corneum,  or  horn  lead.* 

(i.)  Thirty  grains  of  had  filings  take  fire  in  60  cubic  inches  of 
warm  Marine  gas^  and  burn  with  a  white  flame  and  scintiUation, 
and  produce  chloride  of  lead. 

Sc.)  Properties. — Volatile  by  a  high  heat^  astringent  and  sweetish. 
d.)  Composition. — Chlorine  1  equiv.  36+1  of  lead,  104=140, 
its  equivalent.  As  muriate — acid  100+409.06  protoxide,  corres- 
ponding to  metallic  lead  380.06+ chlorine  129. — H. 

(e.)  Chlorine  gas  is  easily  obtained  by  adding  muriatic  add  to  red 
lead;  theory  the  same  as  in  the  case  of  black  oxide  of  manganese ; 
Ae  insoluble  matter  that  remains  is  chloride  of  lead. 

If  chlorine  gas  be  passed  through  red  lead  diffused  in  water,  chlo- 
rate of  lead  is  formed,f  and  the  brown  oxide  is  precipitated  by  pot* 
ash. 

4.  Acetic  addX  produces,  1 .  indirectly,  a  earb<matey  2.  dbectly, 
acetates. 

1.  Carbonate* 

(a.)  The  decomposition  cf  wn^ar,  aided  by  the  air,  produces 
mhite  lead,  at  ceruse,  which  is  a  carbonate.  There  are  various 
modes  of  e&cting  the  object  m  view,  which  is  to  bring  the  vapor  of 
vmegar  into  contact  with  an  extensive  surface  of  lead :  the  ioUow- 
mg  is  an  example. 

(b.)  Vin^ar  is  put  into  a  stone  ware  pot,  or  a  box,  and  a  little 
above  its  sutjaee,  on  a  ledge  or  frame,  are  set  sheets  of  lead,  of  several 
feet  long,  and  from  i  to  x\  of  an  inch  thick,  and  loosely  coiled  ; 
thev  are  not  rolled,  but  cast  to  aid  the  corrosion  of  the  metal. 

(c.)  The  vessel  is  set  in  a  bed  of  tan  and  horse  manure,  and  cover- 
ed with  a  plate  of  lead,  and  the  fermentation,  evolving  heat,  raises 
the  vinegar  in  vapor.  In  about  two  or  three  weeks  or  months, 
as  the  case  may  be,  the  surface  of  the  sheet  is  incrusted  with 
white  lead,  which  is  passed  between'  rollers,  or  scrubbed  with  wire 
brushes ;  to  avoid  injury  to  the  workmen,  this  is  now  done  under 
water.    The  sheet  is  then  replaced,  and  corroded  anew;  the  car- 


*  A  muriate  or  chloride  is  formed  by  muriatic  acid  1  and  litharge  three,  or  by  the 
decomposiUoD  of  common  salt  with  water,  by  litharge ;  caustic  soda  is  evolved,  which 
becomes  carbonate  and  is  removed,  and  the  melted  chloride  is  the  patent  yellow. 
Kr.  G.  Chilton  informs  me  that  feA  lead  does  not  decompose  salt,  in  the  moist  way, 
at  any  temperature,  up  to  boiling,  although  the  contrary  is  stated  in  most  chemical 
books.  t  Chenevix*8  memoir. 

X  As  the  acetic  acid  is  known  to  every  one,  I  prefer  introducing  here  the  important 
salts  which  it  forms  with  oxide  of  lead,  rather  than  to  wait  for  the  history  of  the  add 
under  vegetable  bodies. 
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boDic  acid  and  oxygen  are  derived  both  from  the  air,  and  from  the 
decomposition  of  the  vinegar. 

{d.)  In  commerce^  carbonate  of  Umej  and  tometimes  tviphUe  of 
baryta^  is  mixed  with  white  lead.  It  used  to  be  said,  many  years  ago, 
that  the  laborers  in  white  lead  works  seldom  survive  more  than  3 
years,  dying  miserably  of  the  painter's  colic,  or  of  marasmus,  or  lin- 
gering with  paralysis.^ 

(e.)  The  manufacture  is  now  much  less  injurious,  especially  since 
the  dust  is  avoided. 

I  have  been  informed,  that  white  lead  is  manufactured  by  some 
persons  in  this  country,  by  decomposing  the  acetate  of  lead  by  a  car- 
bonate of  an  alkali,  and  dius  all  danger  is  avoided.f  Th^e  is  stiU 
another  mode  of  manufacturing  white  lead|  which  will  be  men- 
tioned und^  the  acetate. 

(/.)  Composition* — Carbonic  acid  1  equiy.  22+1  equiv.  pro- 
toxide of  lead,  112=134  its  equiv.  :  per  cent,  carbonic  acid  16^ 
oxide  of  lead  83.54 

2.  Acetate  oflead,  or  saccharum  Satumi. 

(a.)  Formerly  prepared,  by  dissolving  pieces  of  lead  in  vinegar  i 
but  this  is  no  longer  done. 

(b.)  The  usuM  process  is  to  dissolve  white  lead,\\  or  litharge,  or 
other  oxide  of  lead  in  vinegar  ;  pyroligneous  acid  is  now  generally 
used ;  the  solution  with  acid  in  excess,  is  made  in  caldrons  of  lead,  or 
tmned  copper,ir  and  after  due  concentration  and  slow  cooling,  it  crys- 
tallizes. 

(c.)  Crystals,  long  quadrilateral  or  six  sided  pri»ms,.yf\\h  dihe- 
dral summits ;  sometimes  delicate  and  somedmes  large. 

(d.)  Taste  sweet**  and  astringent ;  soluble  in  4  parts  of  water, 
either  hot  or  cold  ;  more  soluble  with  an  excess  of  acid.  It  is  efflo- 
rescent. 

(e.)  Decomposed  by  most  acids,  particularly  the  sulphuric  and  mu- 
riatic and  their  soluble  salts ;  and  is  very  much  used  to  form  com- 
pounds by  double  exchange ;  e.  g.  the  acetate  of  alumina  with  alum» 
(he  acetate  of  zinc,  with  white  vitriol.  Sec. 


*  Gregory's  Econ.  of  Nat  Vol.  II,  p.  206. 

t  As  a  chemical  experiment,  it  succeeds  perfectly  well,  bat  the  paint  is  said  to  be 
desititute  of  body.— G.  C. 

t  White  lead  is  also  a  beautiful  native  mineral ;  but  only  the  manufactured  white 
lead  is  used  as  a  paint,  and  not  for  white  only,  but  for  many  other  colori,  of  which, 
blended  with  other  pigments^  it  forms  the  basts. 

§  White  lead  is  formed  by  the  weather  on  sheet  lead  on  the  outside  of  buildings  ; 
also  in  leaden  inkstands,  from  the  vinegar  in  the  ink,  and  in  water  pipes  and  reser- 
voirs of  lead. 

11  Taking  that  of  course  which  has  not  been  mixed  with  chalk. 

TTTh^nard,  Vol.  Ill,  p.  615. 

**  Hence  the  name  Saccharum  Satumi  or  sugar  of  Saturn  or  lead. 
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(/.)  Hydrogen  gtu  revives  the  lead  of  this  salty  attracdng  the 
oxygen.  A  card,  with  an  inscription  of  solution  of  acetate  of  lead  be- 
comes legible  by  contact  with  hydrogen,  or  better  with  sulphuretted 
hydrogen,  which  acts  promptly  and  strikingly;  in  this  manner  it  forms 
a  sympathetic  ink.  White  lead  paint,  as  we  often  see,  becomes  dis- 
colored in  various  situations,  from  contact  with  such  gases. 

{g.)  Lead  tree  J  &y  jtitic,  or  arbor  Saturni.  Zinc  precipitates  lead 
from  the  acetate,  and  forms  a  beautiful  ramose  crystallizcUion ;  the 
zinc  should  be  fresh  cast  or  scraped  and  suspended  from  a  stopper 
in  a  clean  white  botde ;  it  should  stand  undisturbed  ;  the  solution,  in 
the  proportion  of  1  oz.  of  acetate  of  lead  to  2  quarts  of  water ;  the 
tree  will  increase  for  several  days ;  the  first  effect  is  chemical,  a  mere 
transfer  of  oxygen  and  acid,  and  formation  of  acetate  of  zinc,  but  af- 
terwards it  is  a  galvano-chemical  phenomenon.  The  nitrate  of  lead 
answers  equally  well  for  this  experiment.  This  is  a  good  method 
to  obtain  lead  pure. 

(A.)  Acetate  of  lead  is  a  virulent  poison,* 

Tests. — Solutions  of  all  sulphurets  and  hydro-sulphurets  produce 
a  dark  cloud  ;  the  famous  Wirtemberg  test  was  2  parts  sulphuret  of 
arsenic,  4  lime,  and  12  water ;  liquid  sulphuretted  hydrogen  is  very 
efficient.  It  is  said  that  the  very  minutest  quantities  of  lead  are  not 
detected  by  sulphuretted  preparations ;  in  this  case,  probably,  the 
lead  would  do  no  harm,  but  it  may  be  precipitated  by  sulphuric  acid 
or  a  soluble  sulphate,  and  then  reduced  to  the  metallic  state. 

(t.)  Bums  on  a  red  hot  iron,  the  acid  affords  the  combustible 
matter ;  distilled,  it  affords  a  volatile,  fragrant  inflammable  fluid  re- 
sembling alcohol  and  ether. 

(y.)  Much  used  under  the  name  of  lead  water,  externally  against 
inflammation ;  as  an  astringent  against  hemorrhages ;  mteraally,  al- 
though with  caution.f 

(A:.)  Solution  of  acetate  of  lead  is  partially  decomposed  by  the  car- 
bonic acid  of  the  atmosphere,  but  the  precipitation  is  too  slow  to  be 
readily  perceived,  even  when  carbonic  acid  gas  is  blown  tiirough  it 
from  the  lungs;  a  little  excess  of  acid  is  necessary  to  preserve  the 
solution  clear  when  it  is  long  kept. 


*  Sour  wine  is  said  to  have  been  formerly  sweetened  by  sugar  of  lead,  or  by  put- 
ting litharge  into  the  barrel ;  in  France,  the  old  government  interfered  to  prevent  it. 
Cider,  perry,  &c.  may  contain  lead  from  accident  or  design.  In  Devonshire,  Eng- 
land, their  cider  presses  were  formerly  made  tight  by  wnite  lead  putty,  and  other 
preparations  of  white  lead;  hence  the  cider,  which,  in  England  is  very  acid,  was 
unintentionally  poisoned.  Wine  has  been  known  to  contain  40  grains  of  metallic 
lead  in  50  gallons.  Wines,  (such  as  Burgundy,)  that  contain  much  Tartaric  acid, 
precipitate  lead,  and  therefore  cannot  be  adulterated  by  it 

t  1  drachm  with  5  oz.  distilled  water,  b  a  strong  solution,  and  the  same  with  twice 
as  much  water,  a  weak  one. 
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SUB-ACETATE  OF  LEAD. 

J  a.)  BoU  litharge  in  vinegar,  and  it  produces  what  was  formerly 
ed  Gotdard^s  extract,  which  is  a  sub-acetate  of  lead. 

(6.)  JSTetUral  acetate  of  lead,  1  part,  +  2  of  pulverized  litharge 
freed  from  carbonic  acid  by  heat,  boiled  for  10  or  15  minutes  unth  20 
or  25  parts  of  water,  filtered  and  concentrated,  affords  crystals  of 
stdh-acetate,  in  plates  opake  and  white. 

(c.)  Less  sweet  than  the  acetate,  and  less  soluble  in  water,  not 
altered  in  the  air,  and  contains  three  dmes  as  much  oxide. 

(J.)  This  sub-acetate  precipitates  white  lead  in  great  abundance, 
when  carbonic  acid  is  brought  into  contact  unth  it ;  common  water 
contains  carbonic  acid  enough  to  trouble  it,  and  even  distilled  water, 
if  it  has  been  sometime  exposed  to  the  air. 

(c.)  Thenard,  many  years  since,  pointed  out  this  method  of  mak- 
ing white  lead  ;*  the  same  acetate  may  be  used  always  ;  for  no  sooner 
has  the  carbonate  been  precipitated,  than  the  remaining  acetate,  by  be- 
ing boiled  on  more  litharge,  becomes  again  sub-acetate,  and  carbonate 
ollead  may  be  again  precipitated  by  carbonic  acid  as  before,  and  so  on. 

(/.)  The  sub-acetate  is  very  efficient  in  precipitating  gum,  tannin 
and  most  solutions  of  animal  matter. 

(g.)  Composition  of  the  acetates  of  lead, — Neutral  acetate — ^acid 
1  equiv.  50,  -f  1  equiv.  of  oxide  of  lead  1 12,  4-  3  of  water  27,  = 
189,  its  equiv. ;  per  cent,  acid  26.97,  oxide  58.71,  water  14.32. 

Sub-acetate — acid,  1  equiv.        -  -  -         50 

protoxide,  3  equiv.  -  -  336=386 

per  cent,  acid,        -  -  13.23 

protoxide,         -  -  86.77=100.00 

There  is  also  a  compound  of  1  equiv.  of  acid,  2  of  base,  i(nd  10  of 
water,  made  by  boiling  crystals  of  acetate  of  lead  with  litharge.f 

3.  Phosphoric  acid. — Phosphate  of  had. 

(a.)  This  salt  may  be  formed  directly,  but  it  is  easiest  done  by 
mmglmg  phosphate  of  soda  unth  acetate  or  nitrate  of  lead,  and  the 
yellowish  white  phosphate  precipitates. 

(b.)  If  the  acetate  or  nitrate  of  lead  be  mixed  with  urine,  the  phos- 
phate of  lead  is  abundantly  precipitated,  from  the  decomposition  of 
the  phosphates  contained  m  that  fluid,  and  this  forms  a  good  founda- 
tion for  the  manufacture  of  phosphorus,  as  the  phosphate  of  lead  is  de- 
composed by  ignidon  with  charcoal.^ 

*  That  18,  by  causing  carbonic  acid  gzs  to  pass  through  the  solution  of  sub-acetate, 
formed  as  in  (b.)  Two  extensive  manufactories,  one  in  New  Yorlc,  the  other  in 
Brooklyn,  have  given  this  method  a  fair  trial.  They  used  pyroligneous  acid  for  the 
solution,  and  forced  carbonic  acid  from  burning  charcoal  into  it,  but  the  pigment  has 
neither  the  body  nor  the  unctuousness  of  that  made  in  the  ordinary  way.  The 
method  is  now  abandoned. — G.  C. 

t  The  first  salt  named  under  (g.)  is  the  tris-acetate,  and  the  second  the  di-acetate. 
of  Dr.  Thomson,  First  Prin.  IT,  373.  t  Vol.  I,  p.  437. 
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(e.)  Compon^tofi— «dd,  1  eqinv^  %»  +  1  protoxide  112,  s  140, 
its  equir .  There  is  another  salt,  with  1  of  acid  and  2  of  base,  caHed 
by  Dr.  Thomson,  a  di-phospbate«  Phosphate  of  lead  exists  natrre, 
in  green  and  brown  crystals,  prisms  of  six  sides. 

4.   Chromic  acid. — Ckromate  of  had. 

(a.)  This  beautiful  salt  is  found  native^  b  Siberia,  in  scarlet  and 
crimson  prisms. 

(i.)  All  that  is  u$ed  in  the  artSf  is  manrfaetured^  by  minglmg  chro- 
mate  ofootassa^  ^Vol.  U,  149,)  toUh  acetaU  of  had;  it  Ms  as  a  su- 
perb veflow  precipitate. 

(c.)  It  hoi  now  supplanted  the  patent  yeSotr,  (fused  sub-muriate 
of  lead,)  and  in  a  good  degree  the  orpiment  or  yeUow  sulphuret  of 
arsenic,  which  was  very  injurious  to  the  painters.* 

{d.)  Composition. — ^Acid,  1  equiv.  52,  +  1  of  protoxide  112,  = 
164,  its  equivalent. 

There  is  also  a  di-chromate  of  lead,  with  1  equiv.  of  acid  and  2  of 
base,  formed  by  boiling  carbonate  of  lead  with  excess  of  chromale  of 
lead ;  it  b  of  a  beautiful  red.f 

IX*  AuKLAUES  have  little  action  on  lead^  but  if  caustic  and  boiled 
on  it,  they  corrode  it,  and  promote  its  oxidation.  They  readily  pre- 
cipitate the  oxides  of  this  metal  from  their  acid  combinations,  and  if 
in  excess,  they  redissolve  the  oxide. 

X.  Earthy  bodies,  as  afa-eady  stated,  by  fusion^  readily  unite 
with  the  oxides  of  leadj  producing  in  different  proportions  and  mix- 
tures, the  lead  glaze  for  pottery,  flint  glass  for  optical  instruments 
and  elegant  furniture,  and  pastes  ior  imitations  of  the  gems ;  used  also 
in  workffig  the  ores  of  the  precious  metals. 

The  oxide  of  lead  increases  the  refracting  and  dispersing  power 
of  vitreous  compositions,  more  than  any  substance,  so  that  the  pastes 
and  glasses  made  with  it,  approach,  in  this  respect,  very  nearly  to 
the  diamond ;  but  they  are  soft  and  are  soon  scratched.^ 


*  Before  the  difooYtry  of  chromate  of  lead,  orpiment  was  extenaiTely  used  in 
Mintinr  the  bodfea  of  chariots,  &c. 

t  Ann.  PhUo0.  N.  8.  XI,  808. 

I  Flint  glaoi  ia  rarelv  uniform  in  its  compoaition ;  the  great  weight  of  the  oxide 
makes  it  subside,  and  when  the  workmun  collects  it  on  his  pipe,  it  ibrms  strata  of  dif- 
ferent density  and  refracting  power,  which  greatly  disturb  the  formation  of  a  fine 
image.  By  a  laree  dose  of  minium,  a  paste  is  formed,  which  is  scarcely  inferior  to 
the  oiamond  in  briUlancj  and  refracting  power,  and  superior  in  the  dispersive ;  with 
a  very  small  additton  of  antimony,  a  paste  is  produced  resembling  the  finest  topaz. 

Oxide  of  lead.  Is  indispensable  for  eruuneht  as  arsenic  and  tin  alone,  will  not  do ; 
(Black,)  but  if  there  is  too  much  lead  or  if  it  is  imperfectly  calcined,  it  imparts  a 
yellow  color. 

It  is  much  used  in  the  glazing  of  earthen  ware,  both  white  and  yellow,  but  it  is 
liable  to  corrosbn  by  acids.  Vinegar  readily  attacks  the  common  soft  glazing  on 
earthen  ware,  and  obtains  a  noxious  impregnation.  Pickles  should  not  be  kept  in 
such  vessels.  There  are  no  vessels  fit  for  this  purpose  but  those  of  glass  porcelain  or 
true  stone  ware ;  those  glazed  with  common  salt,  (the  common  gray  ware)  are  safe. 
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XI*  Salts. 

1.  In  rdation  to  lead^  the  action  of  the  muriates  it  chiefly  interest^ 
ing.  The  decomposition  of  common  salt,  by  litharge,  has  been  al« 
ready  mentioned ;  but,  (a  seeming  paradox,)  the  muriaie  of  lead  i$ 
decompoied  by  soda^  and  c^ain  the  muriate  of  soda  by  oxide  of  lead; 
and  tjuantity  nas  been  supposed  to  compensate  for  feebleness  of  at- 
traction. There  is  a  double  product  of  caustic  of  soda*  and  chloride 
of  lead;  which,  after  fusion,  is  patent  yellow  and  pays  the  expense. 
About  7  parts  of  litharge  are  mixed  with  1  part  of  the  salt. 

2.  Muriate  of  ammoniaj  by  trituration  or  by  heat,  is  decomposed 
by  the  oxides  ofleady  with  disengagement  of  ammoniacal  gas* 

3.  There  is  a  decided  action  between  red  hot  nitre  and  lead* 
China  tea  chest  lead,  in  cuttings,  or  small  shot  may  be  mixed  with 
nitre  and  charcoal  powder  in  an  ignited  crucible,  or  thrown  upon 
burning  charcoal,  when  there- will  be  a  brilliant  combustion ;  but  it  is 
not  a  good  experiment,  as  the  fumes  are  very  dangerous ;  if  dpne  at 
aU,  it  should  be  under  a  good  vent. 

4.  Chlorate  ofpotassa^  3  parts,  and  lead  flings,  1  partf  fulminate^ 
by  percussion,  and  burn  by  contact  of  an  ignited  body.f 

Xn.  IoDiN£  unites  vjiih  lead^  by  heat,  or  by  mingling  hydriodic 
acid,  or  hydriodate  of  potassa  with  acetate  or  nitrate  of  lead.  It  is 
a  beautiful  ydlov)  powder^  much  resembling  the  chromate  of  lead. 

Composition — 1  equiv.  of  iodine  125,  +  1  of  lead  104,  =  229, 
it^  equivalent. 

XlII.  Action  of  other  metals. — ^Alloys. 
.    1.  Protoxide  of  lead  100,  +  60  carbonized  cream  of  tartar,  give, 
by  heat,  an  alloy  of  lead  and  jpotassium ;  it  is  silvery  and  fragile,  and 
becomes  a  pyrophorus,  by  aading  5  or  6  parts  of  lamp  black  to  the 
mixture,  from  which  it  is  formed. 

2.  Arsenic  unites  with  lead,  by  fusion,  and  the  alloy  having  one 
sixth  of  arsenic,  b  composed  of  plates,  brittle  and  dark  colored. | 

3.  Cobaltf  wrapped  in  sheet  lead  and  covered  with  burning  char-* 
coal,  contrary  to  former  opinions,  unites  with  lead,  although  with  dif* 
ficulty  }  the  alloy  is  not  interesting. 

4.  Antimony  with  lead,  by  fusion,  produces,  when  they  are  equal,  a 
porous  and  brittle  alloy  ;  with  3  or  4  lead,  to  1  of  antimony,  the  alloy 
is  compact,  malleable,  and  harder  than  lead ;  this  aUoy  forms  print" 
er^s  types,  and  the  great  use  of  the  antimony  is  to  harden  the  lead-^ 
bismuth  is  sometimes  added  to  give  hardness  and  precision ;  also, 
copper,  zinc,  and  tin,  are  occasionally  used ;  copper,  especially  in 

G1«M,  containiDg  lead,  u  blackened  when  the  sulphuretted  preparations  are  kept  in 
it ;  fhey  soon  line  it  with  a  semi-metallic  film,  like  a  tea  chest;  and  flint  glass  it 
blackened  by  the  flame  of  the  blowpipe,  owing  to  the  reduction  of  the  lead. 

*  Which  becomes  a  carbonate  by  attracting  carbonic  acid  from  the  air. 

t  Four.  VI,  125.  t  Th^nard,  1, 282. 
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the  proportion  of  a  few  huodredths.  With  ^\  of  antimony,  the  alloy 
is  considerably  harder  than  lead  and  very  malleable ;  with  j\  of  an- 
timony, it  is  harder  than  lead,  but  in  other  respects  perfectly  sunilar 
— the  sp.  gr.  is  more  than  the  mean. 

5.  Zinc  may  be  united  with  leadj  byjiuionj  especially  if  the  melt- 
ed lead  is  covered  with  suet,  the  zinc  thrown  m  by  pieces,  and  the 
alloy  removed  and  cast,  as  soon  as  formed.  It  has  different  pro- 
perties, according  to  the  proportions  of  the  ingredients,  but,  it  b  not 
particularly  interesting.^ 

6.  Bismuth  unites  unth  Uad^  by  fusion,  and  increases  its  tenacity. 
An  alloy  of  3  parts  of  lead  and  2  of  bismuth  is  10  times  as  coherent 
as  lead  alone.  Sp.  gr.  greater  than  the  mean.  It  is  of  a  dark  gray 
color  and  close  grain,  and  is  ductile  unless  the  bismuth  predominates. 

7.  Tin  and  lead  unite,  by  fusion,  in  almost  any  proportions — the 
alloy  has  more  hardness  and  more  tenacity  than  tin — these  qualities 
are  at  a  maximum  with  3  of  tin  and  1  of  lead.  This  alloy  is  often 
contained  m  pewter,  m  which  tin  is  always  the  principal  metal ;  but 
tin  may  contain  33  or  even  50  per  cent,  of  lead  without  yielding  it 
to  vinegar ;  organ  pipes  are  made  of  this  alloy,  and  nails,  which  can 
be  driven  into  oak,  and  do  not  rust  in  salt  water,  are  made  of  3  pajrts 
of  tin,  2  of  lead,  and  1  of  antimony. 

Tin-foil  usually  contains  some  lead ;  2  parts  of  lead  to  1  or  2  of 
tin,  form  the  plumber* s  solder. 

The  famous  fusible  metal  of  Sir  Isaac  JSTewton,  is  composed  of  5 
parts  of  bismuth,  3  of  lead,  and  2  of  tm — 8  bismuth,  5  lead,  and  2 
tin,  are  more  fusible  still ;  and  9  bismuth,  5  lead,  and  3  tin,  still  more 
so: — Dr.  Hope* 

Sir  I.  Newton's  metal  is  fusible  below  212^,  and  a  spoon  made  of 
it  melts  in  the  stream  from  a  boiling  tea  um.f 

XIV.  Natural  History. — Lead  is  presented,  in  nature,  in  many 
forms.  If  native  lead  is  found  at  all,  it  is  very  rare.  Its  proper  ores 
are  the  sulphuret,  the  oxide  and  native  salts. 

The  salts  are  beautiful  and  interesdng  objects  in  cabinets,  but  the 
sulphuret,  called  galena,  is  the  only  abundant  ore,  and  the  only  one 
which  is  wrought  for  lead.  Found  massive  or  crystallized  in  cubes, 
octahedra,  &c.  often  brilliantly  foliated  or  granular  like  steel.  The 
granular  has  been  supposed  to  contain  the  most  silver,  for  galena 
generally  contains  silver,  and  frequently  enough  to  pay  the  cost  of 
.  eKtraction,  when  the  silver  is  the  principal  object.  Galena,  being 
used  by  potters  for  a  glaze  to  their  ware,  is  called  potters'  lead  ore. 
It  is  abundant  in  the  United  States,  and  the  Missouri  mines  are  without 
a  parallel  for  extent  and  richness ;  they  alone  can  supply  the  world. 

•  See  Fourcroy,  Vol.  VI,  p.  106 ;  ThooMon,  I,  204,  and  Aikin's  Diet.  IV,  29. 
i  Tbeie  furible  alloys  may  be  used  witb  Bome  advantage  to  take  copies  from  roed* 
als,  &c.  and  to  form  models  of  the  ear  and  other  anatomieal  resemblances. 
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XV.  Extraction. 

1.  Assay. — Lead  ore  {tbe  sutphuret)  is  assayed  by  roasting  andfas" 
ing  it  in  a  crueibhy  with  three  parts  of  black  flux  ;  more  accurately, 

'  by  solution  in  acids,  precipitation  by  zinc  or  alkalies,  and  reduction 
as  above. 

2.  In  the  large  way,  the  picked  ore  is  roasted  in  a  reverberatory, 
to  expel  sulphur ;  it  is  agitated  to  bring  it  to  the  air ;  when  the  lead  be- 
gins to  soften,  the  heat  is  lowered  to  give  time  for  the  sulphur  to  ex- 
hale ;  charcoal  is  then  added,  the  mixture  is  stirred,  and  the  heat 
gradually  increased  ;  lime  is  thrown  in  to  solidify  the  scoriae,  the  lead 
is  reduced,  and  runs  out  at  proper  apertures  in  the  bottom  of  the  fur- 
nace, into  a  convenient  receptacle,  lined  with  charcoal ;  the  scorise 
are  again  heated  more  intensely,  lime  thrown  b,  and  more  lead  ob- 
tained, but  less  pure. 

3.  Hie  proportion  of  silver  is  judged  of  by  cupellation^  which  will 
be  mentioned  again  under  silver ;  in  a  word,  a  small  piece  of  metallic 
lead  is  heated  under  a  muffle,  upon  a  ciip  of  bone  ashes,  until  it  is  ox- 
idized ;  the  oxide  is  absorbed  by  the  porous  vessel,  and  the  silver  re- 
mains a  brilliant  pobt.*  In  the  humid  way,  the  sulphuret  may  be  dis" 
solved  in  very  dilute  nitric  acid,  and  precipitated  by  a  solution  of 
common  salt,  which  wiD  throw  down  both  the  muriate  of  lead  and 
the  muriate  of  silver ;  the  former  may  be  dissolved  out  by  boiling 
hot  water,  or  by  dilute  nitric  acid,  and  the  latter  obtained  upon  the 
filter  and  reduced  by  the  blowpipe. 

4.  In  the  large  way,  the  lead  is  placed  either  in  a  great  cupel,  made 
of  bone  ashes,  or  in  a  cavity  in  the  hearth  of  the  furnace,  covered 
with  ashes,  or  marl  earth,  and  upon  this  bone  ashes  are  placed  ;  it  is 
done  in  a  reverberatory  furnace,  whose  hearth  is  made  of  such  ma- 
terials as  to  withstand,  as  far  as  possible,  the  action  of  the  oxide  of 
lead.  The  melted  lead  is  heated  and  oxidized  by  the  blast  of  air 
from  large  bellows,  blowing  obliquely  over  the  metal,  and  thus  also 
forcing  the  scum  or  oxide  to  one  side  as  fast  as  it  forms,  where  it  is 
withdrawn. 

Thb  oxide  of  lead,  after  additional  treatment,  is  litharge,f  and  the 
silver  remains  brilliant,  because  it  does  not  in  this  way  combine  with 
oxygen.  The  vaporized  lead  produces  dreadful  maladies,  some- 
times instant  paralysis  in  the  workmen,  so  that  the  arm  that  was  ex- 
tended cannot  be  withdrawn. 

XVI.  Uses. — These  are  well  known,  or  have  been  chiefly  men- 
tioned already.     It  may  be  added,  that  litharge,  when  used  to  dry 


*  The  lead  of  commerce,  treated  in  this  way,  commonly  aflbrds  aportkmof  filver ; 
I  have  extracted  it  from  the  lining  of  the  China  tea  chests. 

t  The  oxide  of  lead  thus  formed,  may  be  easily  reduced  to  lead  again  by  heatins 
it  in  contact  with  charcoal.  Previously  to  the  operatton  for  the  extraction  of  the  m- 
▼er,  the  lead  is  itself  extracted  from  its  ore  by  the  above  simpl6  process. 
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oil,  probably  operates  by  imparting  oxygen  to  mooilage,  and  other 
principles*  In  war,  it  is  prelerred  as  a  projectilei  because  it  is  so 
heavy  and  so  cheap. 

Although  a  virulent  poison,  its  salts  are  administered  internally,  but 
with  great  caution  in  epilepsy,  and  as  an  astringent  in  haemorrhages,  be. 

Its  principal  medical  use  is,  externally,  against  inflammation,  as  al- 
ready mentioned  under  the  acetate,  which  is  die  form  commonly  used, 
instead  of  the  old  extract  of  Goulard.  Lead  is  the  basis  of  many 
plasters  and  salves.  Painters  are  affected  by  the  colic,  and  various 
distressing  maladies,  arising  perhaps  more  from  oxide  of  lead  than 
any  other  pigment.  Occ4monal  wbttkuiion  of  other  emfloymenU  ; 
great  deaniinui,  to  af>pid  introducing  any  lead  ifUo  the  system^  and 
great  temperance^  are  perhaps  their  beet  preventativee  ;  akobdio  re- 
medies do  more  mischief  than  the  lead. 

Sec.  XXX. — ^Iron.* 

I.  HisTORT.^-Its  discovery  is  uncertain ;  subsequent,  however,  to 
that  of  gold,  silver  and  copper  ;•  mentioned  often  by  Moses  and  the  ear^ 
ly  writers  in  the  Bible.    Tubal  Cain  wrought  m  brass  and  iron.     Its  - 
use  was  not  conunon  among  the  ancient  nations,  and  the  perfection 
of  its  manufacture  has  been  attained  only  in  modem  times. 

The  most  useful  and  most  abundant  of  all  the  metals ;  indispen- 
sable to  the  highest  state  of  civilization.  Except  for  medicine  and 
science,  it  may  be  substituted  for  all  other  metals.  Anciently  called 
Mars ;  and  its  preparations  Martial^  a  term  that  is  still  retained. 

II.  Properties. 
Color f  bluish,  or  grayish  white  ;  when  polished,  very  brilliant. 
Taste  styptic;  vmen  rubbed,  emits  a  peculiar  smell ;  cuts  or 

scratches  all  the  other  metals,  and  in  the  state  of  hardened  steel,  it 
impresses  most  natural  bodies ;  it  is  the  most  elastic  metal,  especial- 
ly m  the  condition  of  steel. 

(c.)  Texture  fibrous,  or  in  grains  or  small  pointed  plates ;  ac- 
cording to  the  heat  or  pressure  it  has  sufiered. 

{d.\  Sp*  gr.  7.5  to  7.8.  A  cubic  foot  of  forged  iron  weighs  545 
pounds.f 

(e.)  May  be  made  magnetic,  either  by  the  touch  of  a  magnet,  by 
electricity  or  galvanism,  or  by  percussion ;  and  by  standing  some  time 
vertically,  or  at  an  angle  of  70^ ;  the  natural  magnet  is  nearly  a 
protoxide  ;  artificial  magnets  may  be  made  much  more  powerful  than 
the  loadstone  ;  iron  loses  its  magnetism  more  rapidly  than  steel.| 

(/.)  Imperfectly  malleable  in  the  cold;  perfectly  so  when  red  hot; 
its  tiiinnest  plates  are  much  thicker  than  tiiose  oi  silver,  gold,  and 
copper,  and  even  of  lead  or  tin. 

*  Glim  Ferrum  and  Man.  t  Chapt.  Chem.  p.  849. 

t  Nickel  and  Cobalt  are  magnetic. 
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(g.)  In  duMiij/,  it  ewceedt  4tU  meiaU.  Its  wires  may  be  drawn 
mcHre  dender  than  human  hair.* 

(h.)  It  is  mare  tenacious  than  any  metal.  A  wire  of  iron  ^\  of 
an  mch  in  diameter,  supports  4&0  pounds  avoir. ;  it  is  even  said  that 
one  of  tV  of  ^^  ^<^h  sustained  nearly  550  lbs. ;  and  in  another  case 
that  iron  yV  ^  ^^  ^^  ^  diameter,  only  broke  with  740  pounds ; 
wire  drawing  increases  the  cohesion  of  iron,  and  different  iron  wires 
may  vary  in  strength,  as  the  metal  is  more  or  less  pure. 

(•.)  M  rdation  to  heatj  itiwan  excellent  cenduetoTj  and  tfery  dHa- 
table  by  that  power ^  but  less  so  than  copper,  gold,  silver  and  lead. 

lu)  JVb  other  metal  takes  fare  by  collision  %mthJUnt. 

(k.)  Readily  softened  by  heat ;  can  be  firmly  joined  by  wel&ig.f 

u.)  Pure  iron  is  nearly  infiuihle  in  a  fumaeef  unless  in  contact 
witn  the  fuel.  Melting  point,  158^  Wedg. ;  it  has  not  been  crysca)* 
lised  by  art. 

(fn.^  Becomes  hot^  and  even  red  hot,  by  jperciunon,  and  brittle 
fiom  tne  emergieiiGe  of  latent  heat ;  it  will  recover  its  nudleability  by 
being  heated  again. 

m:  Relation  to  Oxtosn^ — Comiuetibility. 

(a.)  Attracts  oxygen  with  energy^  and  when  heeded  in  air  or  ox- 
ygen, bums  vioidly. 

(6.)  This  is  seen  in  the  shops  of  the  smiths;  a  bar  of  iron  with* 
drawn  from  the  fire  at  a  white  heat,  emits  on  all  sides  briHiant  sparks ; 
it  is  called  brandisking.t 

(c.)  The  collision  of  flint  and  steel  produces  combustion  ;  the  heat 
evolved  igaiies  the  detached  ecHb  or  iragments  of  steel,  and  the  ox- 
ygen bums  them  ;§  if  struck  off  in  pure  oxygen  gas,  they  are  muck 
naore  briUiant,  and  become  oxide  of  iron. 

{d.)  IronJUings  bum  beautifully  in  the  flame  of  a  candle,  or  of  a 
commoDfire,  or  ot  burning  pi^er,  or  in  a  fire  fed  by  oxygen  gas,  as 
on  burning  charcoal. 

(e.)  Awatchspring^W  or  a  bunch  of  fine  wiate,  first  ignited,  bums 
in  a  bottle  of  oxygen  gas  ;  in  these  cases,  diere  is  bright  sciotiila- 

*  Perukes  have  been  made  of  them.    Four.  Tol.  VI,  p.  152. 

t  At  nearly  ISOOO^',  Fahr.  or  IdOO  Weds.  In  welding,  some  pounded  mnd-sCone 
or  clay  is  thrown  into  the  fire ;  it  acts  as  a  nux ;  with  the  oxide  of  iron  it  melts  into  it 
a  glass,  and  this  glazing  defends  the  metal  from  further  oxidation,  and  it  breaks  and 
flies  away  when  the  two  surfaces  are  violently  brought  together  by  the  blow  of  a 
hammer.  BL  Vol.  II,  p.  458.  Platinum  and  sodium  are  the  only  other  metals  that 
are  weldable ;  the  former  at  a  high  heat ;  the  latter  at  a  common  temperature  and 
with  moderate  pressure. 

t  Black,  Vol.  II,  p.  459. 

§  In  a  vacuum,  or  in  any  gas  that  does  not  support  combustion,  eoUision  evolves 
heat,  but  without  combustion,  and  the  fragments  are  not  oxidized. 

K  Steel,  on  account  of  the  carbon  which  it  contains,  bums  much  more  brilliantly 
than  iron,  and  cast  iron,  for  the  same  reason,  still  more  so,  producing  a  splendid  fire 
work. 
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tioDi  but  iroo  gives  no  flame,  because  it  is  not  volatile.    In  all  these 
modes,  iron  is  oxidized,  and  an  entire  bar  of  iron  may  thus  be  con- 
verted into  black  oxide. 
'    (/•)  fVater  is  decamposed  hy  iron,  even  at  common  ienq^eraturet,* 

Ig.)  For  the  rapid  decompontion  of  water  tH  the  state  of  steam^ 
assing  over  ignited  iron  in  a  gun  barrel,  see  the  article  fVater^  Vol. 

p.  209  ;  for  every  gram  in  weight  of  the  evolved  hydrogen,  the 
iron  gains  8  grains. 

(L)  From  water  boiled  with  iron  filings  in  a  retort,  quite  full  of 
that  fluid,  hydrogen  gas  is  evolved. 

(t.)  The  rusting  of  iron,  by  which  the  largest  masses,  in  time, 
crumble  into  dust,  is  due  to  the  joint  action  of  the  oxygen  of  air  and 
water  J  and  carbonic  acid  from  the  atmosphere  then  unites  with  the 
oxide,  as  it  does  indeed  with  most  metallic  oxides. 

( /.}  It  is  no  longer  admitted  that  there  is  an  indefinite  course  of 
oxiaation  in  iron,  as  indicated  by  successive  colors  in  polished  iron, 
heated  just  below  ignition,  namely,  iris,  yellow,  purple,  violet,  and 
blue,  ending  with  red,  at  ignition. 

Oxides. — ^Two  oxides  only  are  admitted. 

AU  the  methods  mentioned  above,  except  the  last,  produce  a  black 
oxide  of  iron,f  which  is  still  magnetic,  and  was,  till  recendy,  suppos- 
ed to  be  the  protoxide. 

1.  Pbotoxide. — The  true  protoxide  is  obtained  by  passing  dry 
hydrogen^  gas,  at  a  low  red  heat,  over  peroxide  ofiron.^ 

Properties. 

(a.)  Color  blue,  imparts  that  color  to  vitreous  bodies ;  attracted 
by  the  magnet,  but  less  powerfully  than  iron. 

(i.)  Exposed  fuUy  to  the  air,  it  fires  vividly  and  becomes  per- 
oxide. 

(c«)  Formed  during  the  solution  of  iron  in  diluted  sulphuric  or  in 
muriatic  add,  hydrogen  gas  being  evolved,  and  the  proportion  of  ox- 
ygen combined  with  the  iron  being  thus  ascertained. 

{d.)  Precipitated  as  a  white  hydrate,  by  alkalies,  as  a  white  car- 
bonate by  alkaline  carbonates,  and  as  a  white  prussiate  by  prussiate 
of  potassa;  the  two  first  precipitates  become  first  green  and  then  red, 
and  the  last  green  and  then  blue,  by  exposure  to  the  air. — Turner. 


*  As  may  be  seen  by  placing  iron  filings  beneath  an  inverted  bell  S||**">  fi^M 
with  water,  when  the  hydrogen  gas  will  be  slowly  collected  at  the  top.  This  is  de- 
nied as  to  pure  water,  free  from  dissolved  oxygen,  and  carbonic  acid,  in  which  it  is 
said,  immersed,  iron  remains  bright;  nor  does  bright  iron  rust  in  dn^  air. 

t  Formerly,  when  prepared  by  the  first  process,  it  was  called  martial  ethiop$.  It 
is  produced  also  by  precipitating  iron  finom  its  sulphuric  solution,  by  potassa,  and  dry- 


ing it  quickly  in  dose  vessels. 


:  Iron  filings,  hydrogen  and  sulphuretted  hydrogen,  and  many  other  substances, 
will  reduce  the  peroxide  of  iron  to  the  protoxide. 
§  Stromeyer,  Edinb.  Jour.  Sci.  No.  10. 
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(«.)  Composition,* — ^Iron  28,  one  equiv.  +  one  of  oxygen  8,  = 
36,  its  equivalent. 

2.   DeUTOXIDE  or  PEROXIDE.f 

(a.)  Formed  by  dissolving  and  boiling  iron  in  nitric  or  nitro^mu- 
riatic  aeid^  precipitatbg  by  ammonia  or  other  alkali,  washing,  dry- 
ing and  calcining  in  a  low  red  heat. — H. 

(6.)  Also^  by  hectting  and  agitating  iron  flings  or  the  oxides,  pro- 
duced by  eidier  of  the  above  modes,  till  they  become  a  dark  red 
powder,t  as  in  iron  rust,^  which  contains  also  carbonic  acid. 

(c.)  Obtained  by  heating  the  red  sulphate  ofiron,  or  by  exposing 
the  green  sulphate  to  the  air^  till  it  has  become  red,  or  by  adding  to  it 
nitric  acid  or  chlorine,  and  then  precipitating  the  oxide  by  potassa. 

(d.)  Found  native  in  abundance ;  the  hematite  ore  is  this  oxide, 
(anhydrous ;)  and  the  brown  hasmatite  is  the  same,  (hydrous ;}  the 
ochres  are  mixtures  of  the  hydrated  red  oxide  and  clay. 

(e.)  Properties. — Color  red  or  dark  brown;  not  magnetic;  its 
salts  are  red ;  the  alkalies  and  alkaline  carbonates  precipitate  it  red, 
or  it  soon  becomes  red  by  exposure  to  the  air. 

(/.)  Composition. — ^Iron  one  equiv.  28,  +  1 J  of  oxygen  12,  =40 
its  equivalent.  The  fraction  disappears  by  doubling  the  numbers 
and  supposing  a  lower  proportion  of  oxygen  than  has  yet  been  dis- 
covered, which  would  give  two  equivalents  of  oxygen  in  the  protox- 
ide, and  three  in  the  peroxide ;  but  this  has  not  been  confirmed  by 
experiment.  According  to  the  present  view,  most  of  the  salts  of 
iron  are  sesqui-salts.  - 

{g.)  What  has  been  heretofore  called  the  black  oxide  of  iron  is 
now  regarded  as  a  mixture  of  the  protoxide  and  peroxide,  varying 
in  the  proportions  with  the  heat,  the  presence  or  absence  of  water, 
&c.  it  is  said  that  the  oxide  formed  on  the  outside  of  an  ignited  bar 
of  iron  contains  more  oxygen  than  that  on  the  inside ;  the  latter  is 
constant  m  its  composition,  which  is  3  of  protoxide  to  1  of  peroxide, 
and  the  former  is  variable. 

The  native  black  oxide  of  iron,  which  is  often  crystallized  in  oc- 
tahedra,  is  believed  to  have  a  similar  composition ;  it  is  magnetic, 
and  the  native  magnet  belongs  to  this  species. 

IV.  Relation  to  the  simple  combustibles. 
1.  Sulphur. — ^There  are  two  sulphurets  of  iron. 

*  For  the  evidence  io  detail,  and  the  results  of  different  experimenters,  see  Hen- 
ry, llih  Ed.  Vol.  II,  p.  24. 

t  Iron,  (excepting  the  metals  of  the  fixed  alkalies,  &c.)  yields  only  to  manganese 
and  perhaps  to  zinc  in  its  attraction  for  oxygen.  The  oxides  of  iron  are  not  re^ 
dudble  per  se,  but,  by  strong  heating,  in  contact  with  carbonaceous  substances, 
they  return  to  the  metallic  state. 

t  It  was  formerly  caUed  Moffiron  of  Mars,  from  its  color. 

§  Varnish  and  paint  protect  iron  from  rusting ;  those  paints  are  the  beii  that  become 
innissated  by  drying. 

Vol.  II.  33 
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1.  Proio-sulphuret.^-Processes. 

(a.)  A  paste,  made  of  equal  parts  of  flowers  of  sulphur  and  iron  fil- 
ings, blackens  and  becomes  an  imperfect  sulphuret,  useful  in  eudiom- 
etry,  (Vol.  I,  p.  193,  1.  c.)  as  it  attracts  oxygen-* 

(6.)  Heat  equals  parts  of  iron  flings  and  sulphur,  with  agitation, 
in  a  crucible  or  iron  pot,  till  spontaneous  ignition  comes  on,  as  de* 
scribed.  Vol.  I,  p.  342.  The  ignition  may  be  exhibited  in  a  glass 
tube  or  flask,  by  mixing  sulphur  3  parts,  and  iron  filings  1,  heatmg 
them  gradually,  and  finally  one  spot  more  than  tlie  rest. 

(c.)  Rub  a  white-hot  bar  of  iron  with  a  roll  of  sulphur;  it  will 
melt,  and  the  drops  are  proto-sulphuret  of  iron. 

(d.)  The  proto-sulphate  of  iron  is  converted  into  proto-sulphurety 
by  ignition^  in  a  crucible  lined  ^vith  charcoal. 

(c.)  Properties. — When  formed  by  art,  a  dark  brittle  body,  mag- 
netic and  easily  yielding  sulphuretted  hydrogen  gas  by  the  action  of 
diluted  sulphuric  or  muriatic  acid.| 

(/.)  It  exists  native,^  and  is  called  magnetic  pyrites.  It  is  of  a  bronze 
color ;  foliated  and  granular,  and  sometimes  crystallized  in  six  sided 
prisms ;  dissolves  in  acid,  and  gives  the  same  gas  as  above. 

(g.)  Composition — one  equiv.  of  iron  28,  +  one  of  sulphur  16, 
=44,  its  equivalent.  The  artificial  sulphuret  varies  in  composition, 
owing,  as  is  supposed,  to  the  mixture  of  metallic  iron  with  it. 

2.  DeutO' or  bi' or  per-sulphuret  of  iron. 

(a.)  Exists  in  vast  abundance  in  nature,  and  is  called  iron  pyrites.  \\ 
It  is  frequently  crystallized,  brilliant  and  beautiful,  and  being  general- 
ly of  a  yellow  color,  more  or  less  intense,  it  is  often  mistaken  for  gcJd. 


*  The  filings  and  sulphur  being  fine  and  intimately  mixed  with  a  little  water  ia 
a  hot  dish,  will  sometimes  take  fire,  especially  if  this  magma,  in  a  larger  surface,  is 
imeared  on  some  small  twigs. — JBl.  //,  486. 

Fifty,  or  better  Qoe  hundred  pounds  of  the  moistened  materials,  buried  in  the 
warm  ground,  or  even  placed  in  an  iron  pot,  produce,  in  some  hours,  an  eniptioa, 
called  the  artificial  volcano  of  Xjemery,  the  discoverer;  and  the  fermentation 
of  native  pyrites  was  supposed  to  aid  in  producing  natural  volcanos,  as  they  are 
Imown  to  kindle  coal  mines;  a  cause,  however,  altogether  inadequate  to  the  effect; 
•ee  the  article  Yolcanos,  in  The  Outline  of  my  Geological  Lectures. 

t  Or  2  parts  of  iron  filings  and  1  of  sulphur,  correspond  more  nearly  with  the 
•quiyalents,  hut  it  is  better  to  have  some  sulphur  wasted  than  not  to  insure  the  sat- 
uration of  the  iron. 

%  See  Vol.  I,  p.  842. 

§  The  native  proto-sulphuret  of  iron  or  magnetic  pyrites  Is  abundant  in  this  coun- 
try, particularly  at  Straflbrd,  Vermont,  twelve  miles  west  of  I  Dartmouth  College, 
where  there  is  a  great  manufactory  of  sulphate  of  iron,  (green  vitriol,)  from  this  native 
•ulphuret ;  Am.  Jour.  Vol,  III,  p.  326.  I  have  seen  the  mine  and  works;  both  are 
extensive ;  they  are  managed  with  skill,  and  present  an  object  of  great  interest  to 
the  traveller. 

II  Dr.  Thomson  mentions  that  in  forming  the  common  sulphuret  in  a  covered  cruci- 
ble with  a  sudden  heat,  (and  letting  it  cool,  while  covered,)  pyrites,  even  crystalliz- 
ed, appear  on  the  surface.  I  have  repeatedly  met  with  Rome  thing  similar,  but  hav<» 
not  seen  any  distinct  crystals. 
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{b.)  Little  affected  by  acids;  by  heat  in  a  close  vessel,  becomes 
proto-sulphuret,  by  giving  up  one  equivalent  of  sulphur. 

(c.)  Composition. — Iron  1  equiv.  28,  +  sulphur  two,  32=60,  its 
equivalent. 

2.  Phosphorus. 

(a.)  Phosphoric  glass  and  iron  filings^  each  2  parts,  aiid  charcoal 
1  part ;  or  phosphate  of  iron  4,  with  one  of  lampblack,  produce^  by 
ignition^  phosphuret  of  iron. 

(b.)  Properties. — Brilliant ^  fragile^  fracture  granular^  color 
bluish  gray^  scarcely  magnetic*  even  in  powder,  fusible  ;  with  heat, 
corroded  by.  nitric  and  nitro-muriatic  acid. 

(c.)  Of  some  importance,  because  it  exists  in  some  iron  ores,  and 
renders  the  metal  obtained  from  them  britde.-f  Cold  short  iron  is 
malleable  when  hot ;  brittle  when  cold,  owing  to  phosphuret  of  iron. 

3.  Carbon  readily  unites  with  iron ;%  this  compound  is  found 
native,  in  plumbago  or  black  lead ;  by  art,  it  forms  steel  and  the 
varieties  of  cast  iron,  which  will  be  mentioned  again  at  the  end  of 
this  article. 

V.  Acids  act  upon  iron  miih  much  facility  ;  it  is  affected  more 
or  less  by  every  aciij  or  acidulous  salt ;  most  of  its  salts  are  easily 
formed,  and  some  are  very  important. 

1.  Sulphuric  acid. — 1.  Green  or  proto-sulphate. 

(a.)  The  strong  acid,  in  the  cold,  scarcely  acts  ;  with  heat,  it  at- 
tacks iron  ;  is  in  part  decomposed ;  sulphurous  acid  gas  is  disengaged, 
and  a  sulphate  obtained.^ 

(6.)  With  acid,  1  part,  water  6  or  8,  (Vol.  I,  p.  201-2,)  and 
iron  1,  the  metal  obtains  oxygen  from  the  water  ;  hydrogen  gas  es- 
capes, and  the  acid  forms  a  sulphate  of  protoxide  of  iron,  which,  by 
filtration  and  evaporation,  aflbrds  elegant  green  crystals.  || 

(c.)  Formed,  in  the  large  way,  by  converting  the  svJphvret  into 
the  sulphate  of  iron  ;ir  this  change  either  goes  on  spontaneously,  the 
pyrites  being  laid  in  heaps,  and  sometimes  acquiring  so  much  heat, 
by  theu:  spontaneous  action,  as  to  burst  into  iOiame ;  more  generally, 

*  Berzelius  in  Ann.  de  Cbim.  et  de  Phys.  Tom.  II,  p.  233. 

t  The  phosphate  of  iron,  found  particularly  in  bog  iron  ores,  when  ignited  with 
charcoal,  evolves  phosphorus  and  thus  forms  phosphuret  of  iron.  Bergman,  the  dis- 
coverer, at  first  imputed  it  to  a  supposed  new  metal  which  he  called  siderite. 

t  And,  as  has  always  been  stated,  tmth  no  other  metal;  but  it  is  now  believed  to 
combine  with  nickel  and  perhaps  with  zinc ;  the  latter  is  more  probably  a  mixture. 
—Murray's  Elem.  6th  Ed,  Vol.  II,  p.  228. 

§  If  the  process  be  pushed  to  the  utmost,  sulphur  is  sublimed,  and  an  uncrystalliza- 
ble  mass  of  sulphuric  acid  and  oxide  of  iron  remains.        < 

II  Sometimes  a  black  powder  falls,  which  is  carburet  of  iron,  as  the  iron  of  com- 
merce generally  contains  carbon. 

IT  It  would  be  foreign  from  the  object,  and  inconsistent  with  the  limits  of  a  conden- 
sed elementary  work,  to  enter  into  the  details  of  this  interesting  manufacture.  See 
Phil.  Trans.  Abridged,Vol.  Ill,  461 ;  Black's  Lectures,  II,  488 ;  Dr.  Watson's  Essays ; 
Tb^nard's  Chcm.  5th  Ed.  Vol.  Ill,  p.  189,  and  Am.  Jour,  Vol.  Ill,  p.  826.    The 
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the  change  is  accelerated  by  a  slow  combustion.  Sulphate  of  alu- 
mina is  often  formed  at  the  same  time,  and  the  sulphate  of  iron  is 
separated,  chieflv  by  crystallization. 

(d.)  Properties. — Color  green;  crystals  transparent  rhombic 
prisms ;  taste  styptic  and  inky ;  reddens  vegetable  blues  ;*  sp.  gr. 
1.83;  soluble  in  2  parts  ofxoater  at  60^,  and  in  three  fourths  of  its 
weight  at  312^ ;  insoluble  in  alcohol;  absorbs  nitrous  gas  and  be- 
comes an  eudiometrical  agent ;  efllorescent  in  the  air,  becomes  yel- 
low, especially  if  moistened  ;  bv  heaty  mdts  and  dries,  losing  .40  in 
weight ;  by  a  stronger  heat  is  decomposed,  and  in  the  end,  sulphuric 
acid  charged  with  sulphurous  acid  gas  comes  over,  often  concrete,  and 
was  formerly  called  glacial  oilf  of  vitriol.  Vol.  I,  p.  307. 

(e.)  A  red  poujder  remainsy  celled  colcothar  of  vitriol  or  croeui 
mortis;  it  is  peroxide  of  iron;{  it  is  much  used  in  polishing  metals; 
it  is  not  magnetic,  but  by  ignition  gives  out  much  oxygen  gas  and 
becomes  magnetic. 

(/.)  In  commerce^  called  green  vitriol j  or  copperas. — ^It  is  decom- 
posed by  most  of  those  salts  whose  bases  form  an  insoluble  compound 
with  the  sulphuric  acid.^ 

(jpA  Alkalies  precipitate  a  whitish  green  hydrate  from  the  solution.  H 

(a.)  Composttion.% — Protoxide  of  iron  1  equiv.  36,  acid  1  equiv. 
40,  water  7  equiv.  63,  =139,  its  equivalent. 

(f .)  It  attracts  oxygen  powerfidb/y  and  is  used  to  preciiutate  gold 
from  its  solutions. 

(;.)  TTiis  salt  of  iron  is  of  great  utility**  in  the  arts,  in  dyeing, 
formbg  ink,  prussian  blue,  colcothar,  be.  and  in  many  decomposi- 
tions in  which  the  sulphuric  acid  is  needed,  as  of  nitre  and  conmion 
salt,  for  their  acids.    In  medicine,  it  is  a  tonic,  astringent,  &c. 


aitgaetie  pyrites  ftre  used  with  ^reac  succem  in  this  country,  and  appear  to  mider^ 
the  lalphatizaUon,  better  Uian  the  common  pyrites. 

At  Strafibrd,  Vermont,  the  exhibition  of  the  brilliant  preen  crystals,  as,  (while 
draininff,)  they  h%ng  from  the  sticks  on  which  they  are  crystallised,  is  very  splen- 
did ;  tiiey  fill  large  rooms  with  the  pendent  clusters.  Pure  sulphur  is  here  sublimed 
from  the  decomposing  pyrites,  and  forms  elegant  adcular  crystals. 

*  Although  it  is  neutral  in  composition,  consbting  of  one  equivalent  of  each  of  its 
constituent  principles. 

t  The  sulphuric  acid  was  formerly  procured  by  the  distlllaUoa  of  this  salt,  and  is 
still  so  in  Germany.   Four.  VI,  260. 

i  Retaining,  sometimes,  a  portion  of  acid. 

iAs  nitrate  of  silver,  of  lead,  of  baryta,  &c. 
Alcohol  renders  the  powder  of  this  salt  white,  as  heat  would  do,  and  water  re- 
stores the  green  color. 

IT  It  appears  that  this  salt  forms  double  salts  with  sulphate  of  potassa  and  sulphate 
of  ammonia. — Turner. 

**  A  mixture  of  equal  parts  of  the  dried  sulphate  and  common  salt,  heated  to  a  cher- 
ry red,  for  some  time,  then  pulverized  and  agitated  In  water,  deposits  on  decantation, 
a  very  fine,  soft,  scaly,  violet  brown  peroxide  of  iron,  extremely  well  adapted  to 
sharpening  razors. — Thdnard. 
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2.  Red  or  per-ttdphate  of  iron. 

(a,)  Formed  by  exposure  of  the  green  sulphate  to  the  airj  espe- 
cially if  in  the  state  ol  a  hot  solution. 

(&.)  By  boiling  the  green  sulphate  with  nitric  acidj  or  by  passing 
chlorine  gas  through  it,  water  giving  oxygen  to  the  metal,  and  hydro- 
gen to  the  chlorbe. 

(c.)  By  adding  1  part  of  sulphuric  add  to  1  of  the  ^een  svlphate 
dissolved  in  water,  with  a  smaU  excess  of  nitric  acid:  it  is  then  to  be 
evaporated  to  dr3mess,  and  water  dissolves  from  the  residuum  a  per- 
sulphate, or  sulphate  of  the  peroxide. 

(d.)  Properties.* — Color  yellounsh  red;  uncrystaHizable;  taste 
sharp  and  styptic;  deliquescent;  more  soluble  in  water  than  the 
green  sulphate;  when  dry  it  is  white  and  soluble  in  alcohol,  which 
dius  separates  the  red  from  the  green  sulphate;  in  the  green  vitriol 
of  commerce,  they  are  always  mixed. 

(e.)  In  the  air  a  red  precipitate  falls,  which  is  sub-sulphate  of  per- 
oxide; bboth  the  solutions  of  these  salts  there  is  always  an  excess 
of  acid. 

(J.)  The  earths  and  alkalies  precipitate  a  red  oxide,  unchange* 
able  in  the  air.f 

{g.)  The  colors  between  the  green  and  the  red,  are  mixtures  of 
these  two.t 

(A.)  The  red  sulphate  is  converted  into  the  green,  by  iron,  (in  close 
vessels,)  mercury,  zinc  and  tin,  and  by  sulphuretted  hydrogen.^ 

(i.)  With  the  red  sulphate,  astringent  vegetables  strike  a  Uads, 
ana  the  alkaline  prussiates  a  deep  blue;  with  the  green  sulphate  the 
first  b  almost  null  or  only  purple,  the  second  white,  but  both  deepen 
by  exposure,  to  the  air. 

(j.)  Composition. — Peroxide  of  iron  1  equiv.  40,  acid  1 J  equiv. 
60,  =100,  its  equivalent. 

In  the  modem  language,  this  salt  is,  therefore,  a  sesqui^phate  or 
a  per^esqui-sulphate. 

Other  sulphates  are  spoken  of,  but  these  are  the  only  ones  that  are 
distinctly  established,  and  with  respect  to  them,  I  prefer  to  use,  in  gen- 
eral, the  terms  ^een  and  red,  which  are  incapable  of  misapprehension. 

2.  Sulphurous  acid. — ^The  sulphite  of  iron  appears  to  be  of  no 
importance. 

*  FouDd  in  the  water  after  the  crystallizatioQ  of  the  green  sulphate :  depoailad 
when  green  vitriol  is  diasolved  in  water,  and  the  quantity  of  the  precipitate  becooiet 
even  a  test  (according  to  Scheele)  of  the  proportion  of  air  which  the  water  contained. 

t  The  precipitate  from  the  green  sulphate  turns  red  in  the  air,  because  it  absorbs 
more  oxygen. 

t  For  notices  of  the  (so  called)  per-bi-sulphate  and  per-quadri-sulphate,  see  Annals 
of  Philos.  X.  102,  XIII.  466  and  298  (H.)  and  Tbom.  First  Prin.  VoL  II.  p.  828. 

§  But  tile  latter  does  not  precipitete  iron  from  Its  solutions,  althou|^h  they  are 
thrown  down  by  the  hydro-sulphurets. 
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3.  Citric  acidjfomu  a  proio-  and  a  ptr-nitrate, 

1.  Proto-nitrate. 

(a.)  Citric  add,  sp.  fi^r.  1 ,16,  acts  slowly  ;  there  is  no  gas  extri^ 
cated  for  some  time ;  solution  dark  olive  brown ;  becomes  pale  by- 
losing  nitric  oxide  gas ;  alkalies  give  a  green  precipitate  ;*  it  is  con- 
verted, by  heat,  into  a  per-nitrate. 

(6.)  With  a  very  much  diluted  add  in  the  cold,  the  iron  being  in 
large  pieces,  added  at  intervals  and  away  from  the  air,  a  green  solun 
turn  is  obtained,  holding  ammonia.'f 

(c.)  Uses  of  the  nitrate  of  iron, — By  boiling  nitric  acid  upon  iron, 
it  is  brought  to  the  state  of  peroxide,  so  that  in  analy  ^s,  its  proporUon 
can  be  esdmated.  Etching  on  sword  blades,  knives,  razors,  he.  is 
done,  by  covering  the  instrument  with  varnish  or  resin,  tracing  the 
design  with  a  pointed  instrument,  and  then  pouring  nitric  acid  upon  it, 
which  will  corrode  the  parts  exposed  to  its  acuon4  Used  also  by 
the  dyer. 

2.  Per-nitrate. 

(a.)  j^  concentrated,  nitric  acid  scarcely  acts  on  iron  ;  if  diluted, 
it  attacks  it  with  much  energy  ;  in  the  state  of  aqua  fortis,^  the  ac- 
tion  is  rapid;  heat  is  evolved,  and  m  the  air,  clouds  of  nitrous  acid 
gas  rise,  and  the  red  oxide,  probably  with  a  pordon  of  the  blue,  and 
retaining  some  nitric  acid,  chiefly  subsides. 

J 6.)  UncrystaUizable  ;  color  brovm;  by  evaporation,  deposits  a 
powder,  not  afterwards  soluble  in  nitric  acid ;  when  concentrated, 
becomes  gelatinous.  || 

4.  Muriatic  add,  diluted,  easily  dissolves  iron  ;  hydrogen  gas  rises, 
and  a  green  solution  and  green  crystals  of  proto-muriate  are  obtained.lT 

1.  ProtO'  or  green  muriate, 

{a,)  Properties. — More  permanent  in  the  air  than  any  martial  so- 
lution; absorbs  nitric  acid  gas. 

(6.)  V^ery  styptic,  very  soluble  in  water,  and  more  so  in  hot  than 
in  cold ;  deliquescent. 

(c.)  Evaporated  from  a  vessel  with  a  small  orifice,  so  as  to  exdude 
the  air,  it  easily  affords,  by  cooling,  greenish  white  crystals,  which 
are  rhombic  plates. 

*  Ammonia  is  prooe  to  give  a  dark  precipitate  from  the  nitrate  of  iron,  because, 
by  its  hydrogen,  it  detaches  some  oxygen. 

t  Which  is  extricated  by  adding  lime  or  an  alkali  and  rendered  perceptible  by  the 
smell  or  by  white  fumes  produced  upon  a  feather  dipped  in  muriatic  acid.  Propor- 
tions for  this  product,  2  drachms  aqua  fortis,  -f~  ^  water,  as  cold  as  possible ;  the 
solution  being  effected,  add  8  drachms  of  lime — ^hold  over  a  glass  moistened  on  the 
interior  with  muriatic  acid,  and  white  clouds  of  muriate  of  ammonia  will  appear. 

t  For  a  process  for  browning  iron  by  nitric  acid,  &c.,  see  Am.  Jour.  Vol.  IX,  p.  168. 

iEIqual  weights  of  water  and  acid. 
Iron  was  separated  from  earths  b^  Bergman,  by  solution  in  nitric  acid  and  evap- 
oration with  strong  heat ;  the  iron  bemg  thus  rendered  insoluble,  the  earthy  nitrates 
can  then  be  separated  by  water. 

IT  Proportions,  iron  1  oz.,  muriatic  acid  6  oz.,  (equal  in  bulk  to  5  1-4  water,)  2 1-2  oz. 
water.  Bl.  II,  409.    Some  carburet  of  iron  is  usually  deposited  during  this  solutioQ. 
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* 

{d.)  Composiiion  of  the  crystals — ^muriatic  acid  1  cquiv.  37,  +  1 
of  protoxide  of  iron  36,  +  3  of  water  27,  =  100,  its  equivalent. — 
Thomson. 

(e.)  Alkalies  precipitate  a  light  green  hydrate ;  prussiate  of  po- 
tassa  gives  a  white  deposit. 

2.  Per  or  red  muriate.  • 

(a.)  Formed,  by  dissolving  per^oooide  of  iron  in  muriatic  acid,* 
with  3  or  4  parts  of  water. 

(6.)  By  exposure  of  the  solution  of  green  muriate  to  the  air,  in 
the  cold,  the  change  is  slow ;  with  heat,  it  is  more  rapid. 

(c.)  By  adding  nitric  acid  to  the  green  muriate  and  boiling. 
Chlorine  produces  a  similar  change. 

(d.)  Properties, — Solution  of  a  deep  brovm ;  odor  peculiar ; 
taste  astringent ;  reddens  vegetable  blues  ;  does  not  crystaUize,\  but 
by  evaporation,  gives  an  orange  colored  mass. 

(e.)  Deliquescent,  and  soluble  in  alcohol;  tinges  animal  substances 
yellow ;  with  sulphuric  acid,  emits  an  odor  of  chlorine. 

(/.)  Sulphuretted  hydrogen  turns  it  to  green  muriate,  by  taking 
oxygen  ;  it  does  not  absorb  nitric  oxide  gas.f 

(g.)  Partly  volatilized ;  partly  decomposed  by  heat ;  some  chlo- 
rine gas  is  produced,  and  the  iron  is  partially  metallized ;  (see  the 
chlorides  of  iron.)^ 

(A.)  Muriatic  add  readily  dissolves  the  oocides  of  iron  ;||  with  sev- 
eral per-oxides,  it  evolves  chlorine. 

(».)  Composiiion. — ^Per-oxide  of  iron,  1  equiv.  40,  +  muriatic 
acid  li  equiv.  55,  =  95  its  equivalent,  (omitting  a  fraction.) 

( /.)  The  common  black  oxide  of  iron,  when  dissolved  in  muriatic 
cia, gives  a  mixed proto-  andper-muriate.     (See  Chlorides,  p.  269. ) 

5.  (a.)  Phosphoric  acid  acts  slowly  on  iron  and  dissolves  it. 

(6.)  The  phosphate  of  iron  is  readily  formed  by  double  eocchange, 
between  solutions  of  phosphate  of  soda  and  green  sulphate  of  iron, 
in  equal  parts;  the  precipitate,  which  is  bluish  white,  or  of  tbs  color 


acid,i 


*  Concentrated  muriatic  acid,  heated  upon  the  red  oxide  of  iron,  evolves  a  little 
chlorine. — Jlikins, 

t  Crystallize  difficilement. — 77t6nard,  ^ 

t  The  green  muriate  takes  it  with  avidity,  hecoming  dark  brown,  and  as  it  then 
absorbs  oxygen  rapidly,  it  is  employed  in  eadiometry. — Davy. 

§  For  more  details,  see  Fourcroy,  Thomson  and  Black. 

II  Applications — to  cleanse  glass  soiled  by  iron  rust ;  to  remove  iron  spots  from 
linen ;  as  the  solutions  of  iron  generally  attract  oxygen  from  the  air,  thus  becoming 
less  soluble,  and  are  therefore  precipitated  and  produce  deep  stains ;  they  are  gener- 
ally removed  by  dilute  warm  muriatic  acid,  but  if  they  prove  obstinate,  they  may  bo 
touched  by  an  alkaline  hydro-sulphuret,  which  will  brins  them  to  the  state  of  pro- 
toxide, when  they  will  be  soluble.  Muriatic  acid  is  mucn  used  in  analysis,  in  dis- 
solving the  oxide  of  iron  obtained  from  mineral  waters,  stones,  &c. 
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of  powdered  slate,  is  washed  and  dried ;  if  a  per  sah  of  iron  is  used, 
the  precipitate  wiU  be  white*  (a  per  phosphate.) 

(c.)  Properties. — Insipid;  has  the  medical  virtues  of  the  earbo-^ 
nate  of  iron. 

{d.)  Found  native  both  in  the  bog  iron  ores  and  in  the  blue  iron 
earth,  and  in  blue  crystals,  but  these  impure  phosphates  are  never 
used  in  medicine. 

(e.)  Compw^im.— Protoxide  1  equiv.  acid  1  equiy.  with  variable 
proportions  of  water. 

4.  Carbonic  acid^^arbonaie  of  iron. 

(a.)  The  solid  or  predpitaied  carbonate,  of  pharmacy,  is  made 
by  mingling  6  oz.  of  green  sulphate  of  iron,  in  solution,  with  6 
of  carbonate  of  soda ;  the  precipitate  may  be  washed  with  cold 
or  tepid  water  till  it  comes  off  tasteless,  and  then  dried  and  pulver- 
ized ;  when  first  precipitated  it  is  greenish,  but  by  the  time  it  is  pre- 
pared it  is  red.| 

{b.)  Carbonic  add,  in  aqueous  solution,  dissolves  the  protoxide 
of  iron. 

(c.)  It  aids  the  water  in  oxidizing  the  iron,  and  the  protoxide 
unites  with  the  acid  to  form  a  carbonate. 

Chalybeate  footers — artificial  and  native. 

{d.)  To  form  a  mild  and  useful  chalybeate  water,  suspend  a  little 
bag  oi  clean  iron  filings,  (free  from  brass  and  copper,)  in  a  vessel  of 
water,  (e.  g.  Nooth's,  Vol.  I,  p.  370,)  through  which  carbonic  acid 
gas  is  made  to  pass;  in  twelve  hours  it  will  be  sufficiently  stitong. 

(e.)  Most  native  chalybeate  waters  contain  protoxide  of  iron  com- 
bined with  carbonic  acid;  some  with  sulphuric. 

(/.)  If  there  is  no  more  carbonic  acid  than  is  necessary  to  suspend 
the  iron,  the  water  has  an  inky  taste;  if  the  dissolved  gas  is  abun- 
dant, the  water  will  be  brisk  and  sparklins. 

(g.)  The  most  usual  test^  is  a  nutgaU,  bruised  and  suspended  in 
the  water,  or  a  tincture  or  infusion  of  galls;  if  there  is  iron,  there 
will  be  a  purple  cloud,  beginning  after  some  time,  if  the  chalybeate 
is  weak  and  gradually  deepening  in  color. 

*  No  precipitate  wilU>e  obtaioed  if  Uiere  is  exeeas  of  add  in  the  nlotioo,  becante 
flie  phoepbatea  are  soluble  in  adds ;  hence  It  is  better  to  employ  a  solution  of  the 
crystals  of  the  green  sulphate  or  of  any  soluble  salt  of  iron ;  if  we  use  the  solution  from 
iron  obtained  in  the  hydrogen  processes,  the  predpitate  fails  because  of  the  excess  of 
add. 

X  Aocordinff  to  Mr.  Philips,  it  contains  more  peroxide  than  carbonate  of  iron ;  he 
recommends  not  wster  on  the  score  of  economy,  but  cold  water  is  better,  on  account 
of  retaining  the  carbonic  add.  An  imperfect  ca^nate  was  formerly  made,  by 
sprinkiinr  iron  filing|8  with  water,  which  caused  them  to  rust  and  thus  to  absorb  car* 
home  add  from  the  air.  The  predpitated  carbonate  is  an  excellent  chalybeate  rem* 
edy,  and  is  giYenin  doses  of  five  gcains  and  more.  It  is  best  kept  in  lumps  and  then 
the  outside  only  is  red. 

§  The  succinate  of  ammonia  is  an  excellent  test  for  iron ;  see  succinic  add,  under 
amber. 
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(A.)  The  cai'bonated  chalybeate  waters,  by  standing,  often  become 
covered  by  an  iridescent  JUm  of  precipitated  per-oxide. 

(i.)  Prussiate  of  potassa  (ferro-prussiate)  precipitates  the  iron 
light  green,  becoming  blue  by  standing. 

(;.y  If  the  iron  is  suspended  by  carbonic  acid,  the  latter  unll  be 
expelled  by  boiling,  and  the  oxide  of  iron  will  give  a  red*  hue  to  the 
water ;  air  pump  exhaustion  also  removes  the  gas  and  allows  the 
iron  to  precipitate. 

*  {k.)  If  the  iron  is  suspended  by  the  carbonic  acid  only,  it  will  no 
longer,  after  boiling  and  filtration,  answer  to  the  tests;  but  if  it  toas 
suspended  by  a  fia^ed  add,  (sulphuric  or  muriatic)  the  tests  wUl  give 
more  decisive  indications  after  boiling  than  before. 

(/.)  The  iron  may  be  suspended  both  by  a  fixed  and  a  volatile 
add;  in  that  case  it  will  deposit  red  oxide  of  iron  by  boiling,  and  ijt 
will  continue  to  answer  to  the  tests  for  iron.f 

6.  The  vegetable  adds, — Ink. — Black  dye, — ^It  would  be  prema- 
ture now  to  treat  of  the  reladon  of  the  vegetable  acids  to  iron,  and 
they  are  mentioned  here  only  for  the  sake  of  introducing  one,  namely, 

(A.)  The  gallic  acid,  which  acts  an  important  part  in  the  forma" 
tion  of  ink  and  of  the  black  dye. 

(a.)  The  gallic  acid,  (so  called  from  the  gall  nut,  which  contains 
it,)  is  used,  as  it  exists  in  the  astringent  vegetables,  combined  witli 
tannin  and  other  principles. 

(b,)  Ink  powder  is  a  mixture  of  the  sulphate  of  iron,  powdered  nut 
gculs  and  gum  arabic,  and  to  form  good  writing  ink,  nothing  more  is 
necessary ;  these  substances  are  inert  as  long  as  dry,  but,  when  soludou    r  . 
takes  place  they  act  on  each  other,f  and  strike  the  black  color.        *"' 
KO 

*  Hence,  in  the  channels  where  chalybeate  waters  flow  off,  there  is  a  deposit  of  red  a 
iron  rust ;  also  in  the  baths  especially  of  hot  water,  and  even  in  the  drinking  vessels.  ^ 

t  The  natural  chalybeates  are  very  numerous,  and  nothing  is  easier  than  to  detect  y 
them,  by  the  indications  named  in  the  text  and  by  their  blackening  tea,  and  generally  ^ 
the  astringent  infusions.  Their  utility,  especially  in  many  forms  of  dyspepsia  and^^ 
consequent  debility,  and  of  cutaneous  affections,  is  undoubted,  and  they  produce  ^^ 
valuable  effects,  even  when  the  portion  of  iron  is  very  small  and  when  there  is  no 
more  carbonic  acid  gas  (for  this  is  generally  the  suspending  agent)  than  is  merely 
necessary  to  keep  the  iron  in  solution.  If  there  is  more  (as  at  fiallston  and  Sara- 
toga^ these  waters  are  then  rendered  still  more  grateful  and  salutary.  They  can  be 
perfectly  imitated  by  art. 

X  Among  the  numerous  recipes  for  forming  ink,  the  following  has  been  found  to 
be  very  gm>d. 


Powdered  Aleppo  calls, •        -        -        8  oz.  ^ 

Logwood,  in  thin  chips, 4  N& 

Sulphate  of  iron,  (copperas,) 4 


Powdered  gum  arabic, S^ 


fum  arabic, K^ 
copper,  (blue  vitriol,) 1^ 

y\    Sugar  candy,         .---. 1=21  oz. 

Boil  the  gafis  and  logwood  in  12  lbs.  of  water,  till  the  liquid  is  half  evaporated ; 
strain  it  and  add  the  other  ingredients ;  agitate  it  till  the  whole  is  dissolved,  cspe- 
ciaHy  the  gum ;  let  it  subside  for  24  hours  and  decant  the  ink  into  bottles.  In  (his 
recipe,  the  galifluind  the  logwood  afford  the  gallic  acid  and  tannin ;  the  coppfija^,  the 


Vol. 


»  gaiiflLJind  tno  logwoou  anord  tne  gaiiic  acia  and  tannin ;  tiie  coppefM, 
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(c.)  Ink  is  luAle  to  fade^  from  the  decompoiition  of  the  vegetable 
flatter;  writing  is  injured  or  destroyed  in  damp  situations;*  this  is 
to  a  degree  counteracted  by  powdered  cloves  or  corrosive  sublimate ; 
alcohol  would  be  still  more  effectual,  but  it  makes  the  ink  spread,  and 
it  soon  evaporates. 

{d.)  In  a  solution  of  a  salt  of  iron,  when  there  is  an  excess  of 
acid,  the  precipitate  does  not  appear  on  adding  infusion  of  galls. 

(e.)  Alkalies  decompose  common  tn/r,  and  precipitate  die  color,  the 
tanno-gaUate  of  iron,  (for  such  is  ink,^  and  more  alkali  redissolvesit; 
hence,  after  ink  is  dissolved  by  acids, j  alkalies  will  restore  the  cok>r. 

(f.)  Chlorine  destroysX  the  color  of  ink,  by  decomposing  the  ve- 
getable matter,  while  muriatic  acid  is  formed  and  dissolves  the  iron. 

(g.)  An  inky  not  liable  to  decomposition  or  to  destruction  by  any 
agents  that  unU  not  also  destroy  the  siibstratum,  is  much  to  be  desired^ 
since  so  many  important  interests  depend  upon  virritten  records. 
Carbon  must  evidently  be  the  basis  of  such  an  ink,^  and  accordingly 
the  addition  of  Indian  to  common  ink,  renders  the  latter  more  dura- 
ble.— (a.  a.  h.) 

oxide  of  iron ;  the  gum  artblc  and  sugar  lerve  to  keep  the  precipitate  suspended 
In  the  fluid  and  to  give  the  ink  lustre,  coveiing  it,  as  with  varnish.  Sugar,  added  to  ink, 
enables  us  to  copy  a  writing,  by  laying  a  sheet  of  thin  unsized  paper,  damped  with 
ft  sponge,  on  the  written  paper,  and  passing  over  it  a  warm  flat  iron.  (Ure*s  Diet) 
The  bme  vitriol  Is  not  indispensable,  out  improves  the  color.  It  however  precipi- 
tates c(^per  on  the  knife,  if  the  pen  is  not  wiped  quite  dry,  and  the  acid  corrodes  the 
edge.  Only  the  peroxide  of  iron  forms  a  go(>d  ink ;  hence  the  reason  why  pale  ink 
becomes  deeper  colored  by  exposure  to  the  air.  For  other  recipes  and  for  various  in* 
formation,  see  Lewis'  Commercio  Pbilosophico  Technicum,  Black,  IL  481,  Tilk)ch's 
Phil.  Mag.  1799,  and  Th^nard,  6th  ed.  Vol.  IV,  p.  264. 

*  The  color  is  restored,  if  the  faded  letters  be  retouched  with  an  infusion  of  galls; 
and  pnissiate  of  potassa,  followed  by  dilute  muriaJc  acid,  makes  the  writing  blue. 

t  Ink  stains  are  removed  from  linen  or  cotton  by  acids. 

t  As  is  commonly  said,  beyond  the  power  of  restoration ;  but  it  is  asserted  that  the 
vapor  of  sulphuret  of  ammonia,  will  make  the  writing  visible  again,  and,  that  prussi- 
ate  of  potassa,  will  do  the  same.— Ur«'s  Diet.  626. 

§  Dr.  Lewis,  bv  mingling  fine  lamp  black  witli  writing  Ink,  made  It  much  blacker ; 
It  was  not  injured  by  the  weather,  and  it  flowed  freely  from  the  pen.  An  ink  not  liable 
to  be  affected  by  ehemieal  agents,  is  made  from  26  grs.  of  copal  dissolved  with  gentle 
heat,  in  200  of  oil  of  lavender,  2^  grs.  lamp  black  and  j|  a  gr.  of  indigo  being  added ; 
or  120  grs.  of  oil  of  lavender,  17  of  copal  and  00  of  vermilion,  dilated  to  a  proper  de- 
gree with  oil  of  lavender  or  of  turpentine. — Ure. 

Aspbaltum,  dissolved  In  about  4  parts  of  spirits  of  turpentine,  with  a  little  fine  lamp 
black  or  black  lead,  will,  it  is  said,  form  an  ink  for  linen,  &c.  indelible  by  bleaching 
and  other  chemical  processes. 

TAe  ancient$  wrote  with  levigated  ehareoai,  one  of  the  most  indestructible  of  all 
substances ;  and  accordingly,  the  writings  found  in  Hereulaneum,  are  still  a  perfect 
black.  But,  they  could  be  easily  erased,  because,  the  color  was  only  superficial, 
whereas  our  inks,  penetrate  into  the  very  texture  of  the  paper.-^lUadir. 

Prtfilers'  i$ik  i»  a  black  paint  j  eampoaed  of  lamp  black,  with  sometimes  a  little 
indigo,  and  linseed  or  nut  oil,  inspissated  by  boiling,  and  modified  by  various  additions ; 
It  a&eres  readily  to  damp  paper,  and  does  not  penetrate  or  run.  Carbon  being  its 
basis,  it  is  not  decomposed  by  chlorine.  India  ink,  h  only  lamp  black  thickened  by 
size  or  glue,  and  made  into  cakes  witli  the  unimportant  addition  of  perfumes,  &c. 

Hed  ink  for  the  printers,  i$  colored  by  vermiUon.  Colored  writing  inkM  are 
made  by  suspending  the  different  pigments  in  gum  water ,-  thus  Prussian  blue 
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(A.)  The  black  dye^  for  woollen,  silk,  cotton,  leather,  &c.  dq^ends 
on  the  iome  principles  as  tmiting  ink.* 

6.  Prussic  or  hydro-cyanic  acid. 

This  stdyect  is  mentioned  here  on  account  of  the  relation  which  it 
sustains  to  iron^  in  the  remarkable  connpound  called  prussian  blue. 
The  observations  in  Vol.  I.  p.  417,  will  be  sufficient  to  render  its  in- 
troduction here  intelligible,  and  I  shall  now  omit,  as  far  as  possible, 
all  theoretical  views  respecting  the  prussic  compounds,  until  the  sub- 
ject is  finally  disposed  of,  under  animal  substances.  I  shall  use  the 
oldf  nomenclature,  as  far  as  it  involves  no  error,  for  in  the  unsettled 
state  of  opinion,  on  some  parts  of  this  complicated  and  difficult  topic, 
a  new  nomenclature,  adapted  to  particular  theoredcal  views,  is  liable 
to  convey  erroneous  impressions,  as  well  as  to  be  set  aside  by  new 
discoveries,  and  that  now  in  use  is  often  both  cumbrous,  from  the 
length  of  the  appellations  and  repulsive  from  their  want  of  euphony. 

Prussiate  of  tron — prusnan  olue^-ferro-cyanate  of  iron. 

(a.)  Discovery^  1704,f  (Thenard,)  by  Diesbach,  a  manufacturer 
of  colors,  and  by  Dippel,  a  pharmaceutist,  at  Berlin,  the  substance 
havmg  been  obtained  by  the  lollowmg  process,  which  was  accidental. 

(i.)  Process. — ^Four  parts  of  fixed  alkali  and  four  of  dried  blood,^ 
are  moderately  ignited  in  a  covered  crucible;  a  solution,  made  in  ten 
or  fifteen  times  as  much  hot  water,  contains  prussiate  of  alkali  ;||  the 
prussic  acid,  being  formed  by  the  union  of  the  carbon,  hydrogen  and 
nitrogen  of  the  blood,  and  aldiough  volatile,  being  detained  by  its  af- 
finity for  the  alkali. 

Jc.)  3^  solution  is  mixed  with  one  containing  8  parts  of  alum 
'  two  of  sulphate  of  iron;  there  is  an  effervescence  of  carbonic 
acid  and  sulphuretted  hydrogen  gases;  the  prussiate  of  iron  falls 


givM  blae  ink ;  gamboge  yellow  ink,  &c.  Most  of  the  common  water  colors,  difliift- 
ed  in  gum  water,  will  make  inks  sufficiently  good. 

For  red  ink  Jar  writing, — Boll  2  oz.  Brazil  wood  in  1  pint  of  water,  for  half  an 
hour,  adding  sufficient  gum  and  about  half  the  quantity  of  alum ;  or  steep  4  oz.  of 
Brazil  wood  in  vinegar  for  two  or  three  days,  and  boU  it  for  an  hour — filter  while 
hot,  warm  it  again  and  add  half  an  oz.  of  gum  arable  and  the  same  quantity  of  white 
sugar. 

*  Sulphate  of  iron  is  mixed  with  some  of  the  astringent  Te|;etab]e  infusions.  Log. 
wood  and  iron  rust,  dissolved  in  elder  Juice,  in  sour  milk,  or  in  the  pTroligpeous  add, 
are  among  the  materials  commonly  used.  It  is  important  that  the  iron  would  be  in 
the  state  of  peroxide,  and  I  have  often  advised  the  dyers  of  bats,  &c.  to  bruise  their 
green  copperas,  spread  it  out  on  a  large  surface,  in  the  open  air,  and  sprinkle  it  witi^ 
water  till  It  turns  red ;  it  is  then  found  to  strike  a  good  black  immediately.  In  ihe 
blackening  of  leather,  no  other  addition  than  the  sulphate  of  iron  is  necessary,  as  the 
gallic  acid  and  the  tannin  have  been  previously  transferred  to  the  akin  by  steeping 
It  in  the  astringent  infusion  of  bark. 

t  Giving,  however,  the  new  terms,  either  in  note  or  parenthesis. 

t  Usually  stated  1710. 

SHom  shavings  or  any  other  fixed  animal  substance  will  answer. 
WiU)  carbonate,  bydro-sulphuret  and  muriate  of  the  alkali. 
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down ;  the  alum,  by  its  excess  of  acid,  neutralizes  the  superfluous 
alicali,  and  affords  its  alumina  to  the  coloring  matter,  to  dilute  the 
color,  otherwise  of  too  intense  a  blue — almost  black. 

id.)  Some  muriatic  add  is  also  added  to  the  washed  precipitate, 
issolve  any  superfluous  oxide  of  iron,  and  it  immediately  changes 
the  color  from  a  dingy  green  to  a  beautiful  blue,  which  however  is 
not  perfect  until  it  has  been  washed,  once  in  twelve  hours,  with  abun- 
dant water  for  twenty  or  twenty  five  days.* — Thinard. 

(c.)  Properties. — JSTeuiral,  insipid^  inodorous^  deep  blue;  a  very 
strong  pigment,  and  bearing  large  dilution  with  other  colors;  insolu-* 
ble  in  water  and  alcohol,  and  in  acids,  unless  hot  and  concentrated ; 
strong  muriatic  acid,  aided  by  heat,  separates  some  of  the  prussic 
acid  ;f  when  made  very  dry  it  attracts  moisture. 

(/.)  Move  307^  Fahr.  it  catches  fire  and  burns  like  tinder,  leaving 
more  than  half  its  weight  of  oxide  of  iron,  (54  to  60  per  cent.) 

(g.)  Decomposed  by  heated  alkalies  and  alkaline  earths,  forming 
prussiates  of  those  substances  and  depositing  red  oxide  of  iron,  stiU 
retaining  some  prussic  acid ;  potassa  is  generally  used  for  this  decom- 
position, and  it  has  been  proposed  to  judge  of  the  quality  of  the 
Prussian  blue  by  the  intensity  of  tlie  shade  of  color  in  the  precipitate. 

(A.)  With  a  solution  of  a  pure  proto  salt  of  irotif  the  prussiate  of 
potassa  throws  dovon  a  white  precipitate,  which  remains  white,  or  ac- 
quires but  a  slight  green  color  if  kept  away  from  the  air;  if  exposed^ 
however,  and  especially  if  agitated  or  if  mingled  with  an  acid,  it  in- 
stantly becomes  blue. 

(t.)  With  a  per  salt  of  iron,  the  precipitate  is  intensdyUuefrom 
the  first,  but  on  drying  it  becomes  almost  black;  hence  Dr.  Thom- 
son supposes  that  prussian  blue  does  not  contain  a  peroxide,  but 
rather  the  oxide  of  Gay-Lussac,  intermediate  between  the  prot-  and 
peroxide,  and  containing  1  of  protoxide  and  2  of  peroxide.J 

(J.)  The  base  of  prussian  blue  is  disoxygenized  by  sulphuretted 
hydrogen,  or  iron  filings  or  tin;  it  then  becomes  white  or  pale  green, 
and  re-acquires  the  blue  color  by  recovering  the  oxygen. 

{k.)  It  is  supposed  by  some,  that  there  are  several  compounds  of 
the  prussic  acid  widi  the  oxides  of  iron ;  three  with  the  peroxide 
and  one  with  the  protoxide.^ 


*  The  process  described  in  the  text  will  always  afibrd  prussian  blue,  but,  as  is  said, 
^Aikins*  Dictionary,  II,  252,)  not  always  in  profitable  quantity.  Probably  there  are 
tacts  known  to  tlie  manufacturers  of  which  scientific  chemists  are  ienorant  and  which 
may  be  essential  to  make  the  product  at  once  abundant  and  beautiml.  The  prussian 
blue  of  commerce  contains  much  alumina  and  a  little  hydro-sulphuret  of  iron,  which 
colors  it  brown.  t  Kobiquet. 

X  From  the  fact  that  prufisian  blue  is  always  prepared  from  the  green  sulphate,  it 
appears  probable  that  the  two  known  oxides  of  iron  may  both  be  present,  and  that 
the  actual  color  of  the  pigment  depends  upon  this  mixture  and  that  of  the  alumina. 

§  But  Dr.  Turner  says — In  every  good  specimen  of  Prussian  blue  which  f  have 
examined,  the  ferro-cyanic  acid  was  in  combination  with  the  peroxide  of  iron  cnly. 
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(/.)  Prussiate  of  iron,  decomposed  by  heat,  affords  carbonate  and 
prussiate  of  ammonia,  carbonic  acid  and  other  gases,  and  leaves  iron 
nearly  reduced ;  also,  if  ammoniacal  gas  is  passed  through  ignited 
charcoal,  prussic  acid  is  formed. 

.  (fft.)  Uses. — ^A  splendid  paint  for  the  inside  of  houses,  for  paper 
hangings,  a  basis  for  blue  mk,  and  a  dje  for  silk  and  wool.  In  chemis- 
try, it  is  the  material  for  all  the  prussic  preparations ;  used  sometimes 
in  medicine  for  the  effects  of  both  the  iron  and  the  prussic  acid. 

VI.  Chlorides. — ^These  are  intimately  connected  with  the  mnti- 
ates ;  both  oxides  of  iron,  when  combined  with  muriatic  acid  in  the 
fluid  state,  are  muriates;  but  in  the  solid  state,  and  deprived  of  wa- 
ter of  crystallization,  they  are  supposed  to  be  chlorides,  of  which 
there  are  two.     (See  the  muriates  of  iron,  p.  263.) 

1.  Proto^hloride. 

(a.)  Farmed,  by  evaporating  and  nearly  igniting  the  green  muriate, 
away  from  the  air,  when  a  brittle  lamellated  mass  will  be  obtained.~(H.) 

(6.)  By  subliming,  in  a  stone  retort,  the  green  muriate  dried  (as 
in  a) ;  water  is  evolved,  and  the  proto-chloride  is  formed  as  a  sub- 
limate, in  small  white  plates. 

(c.)  Bypassing  chlorine  gas  through  an  ignited  gun  barrel,  con- 
taining iron  turnings  and  furnished  with  an  allonge*  to  receive  the 
chloride,  which  subUmes  and  collects  just  out  of  the  furnace. 

(d.)  Composition — (by  theory,)  iron  1  equiv.  28,  +  chlorine  1. 
equiv.  36=64  its  equiv. — (h.) 

2.  Deuto-chloride  or  per-cMoride. 

(a.)  Formed  by  burning  ignited  iron  wire,  or  an  iron  spiral,  in 
chlorine  gas,  which  produces  a  substance  "of  a  bright  yellowish 
brown  color,"  with  much  lustre. 

it.)  As  in  (c.)  {protonJdoride,)  only  using  an  excess  of  chlorine.f 
<?.)   Composition — (by  theory,)  iron  1  equiv.  28,  +  chlorine  1 J 
equiv.  54=82  its  equiv. 

Tlte  Morides  of  iron,  when  re-dissolved  in  water  are  muriates  ;  wa- 
ter, as  in  other  cases,  yields  its  oxygen  to  the  iron^  and  its  hydrogen  to 
the  chlorine. 

VII.  The  alkalies  have  little  action  on  iron;  perhaps  they  favor  its 
oxidation.  Alkalies  cause  the  red  oxide  of  iron  to  become  black,  as 
if  by  the  loss  of  a  portion  of  its  oxygen. 

VIII.  Earths  are  frequently  found  naturally  united  with  oxide  of 
iron,  which  gives  color  to  most  colored  minerals.  By  fusion  with 
the  oxides  of  iron,  earthy  substances  become  red,  brown,  blue,  green, 
&c.  as  may  be  seen  in  glass,  enamels  and  porcelain. | 

*  An  adopter.  t  Th6Dard. 

t  Mr.  Wedffwood  used  to  say  that  a  ^reat  part  of  the  colors  used  on  porcelain 
might  he  obtained  from  iron.  Oxide  of  iron  colors  briclu  and  tiles  red,  and  gives 
them  and  most  clays  a  disposition  to  vitrify ;  hence  the  superficial  vitrification  so  of- 
ten observed  on  bricks :  oxide  of  iron  also  communicates  hardness  to  them. 
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IX.  Action  or  salts. 

1.  The  mlphaiesy  by  ignition  witli  iron,  become  sulphurets. 

2.  J)/%tr€f  2  or  3  parts,  with  1  of  iron  filings,  projected  into  a  red 
hot  crucible,  produces  a  brilliant  combustion,  and  oxide  of  iron  re- 
mains mixed  with  the  alkali ;  iron  filings  are  used  in  artificial  fire  works. 

3.  Chlorate  ofpoiasta,  2  parts,  and  iron  filings  1,  detonate  by  per- 
cussion and  ignition. 

4.  Common  salt  is  slowly  decomposed  by  iron. 

5.  Muriate  of  ammonia  is  decomposed  by  iron  and  its  oxides,  es- 
pecially if  heated  and  moistened ;  ammoniacal  gas  and  hydrogen  gas 
are  evolved,  and  muriate  of  ammonia  with  a  portion  of  gas,  and  mu- 
riate of  iron  sublime.* 

X.  Iodine. — ^The  iodide  of  iron  is  formed  by  heating  iron  filings, 
in  a  glass  tube  unth  excess  of  iodine.  It  is  brown,  fusible  at  a  red 
heat,  stypuc ;  dissolved  in  water  becomes  a  hydriodate  of  a  clear 
green. — Thenard.  More  economically,  by  heating  an  excess  of  iron 
filings,  with  iodine  and  water  in  a  flask,  evaporating  the  clear  liquor 
and  heating  the  salt. — (a.  a.  h.) 

XI.  Allots. 

1.  With  nickd  it  combines  with  facility,  and  it  is  difficult  to  firee 
this  metal  from  iron ;  a  natural  alloy  of  tlus  kind  exists  in  the  iron  of 
meteors. 

2.  Manganese  has  a  strong  affinity  for  iron. 

3.  Arsenic  by  fusion,  forms  with  ux)n  a  white,  britde,  and  crystal- 
lizable  alloy ;  not  magnetic ;  found  native  in  arsenical  pyrites  and 
arsenical  iron;  gives  die  arsenical  fumes  and  odor  by  heat  and  per- 
cussion ;  iron  can  combbe  with  more  than  its  own  weight  of  arsenic. 

4.  Cobalt  is  with  difficulty  freed  firom  iron,  with  which  it  is  ajmost 
always  combined ;  the  alloy  is  hard  and  difficult  to  break. 

5.  Antimony  is  alloyed  by  fusion  with  iron ;  the  compound  is  hard 
and  britde,  and  has  a  specific  gravity  less  than  the  mean.  It  can  be 
obtained  also  by  heating  2  parts  of  sulphuret  of  antimony,  and  1 
of  iron.  Antimony  has  more  power  than  most  other  metals  to  di- 
minish the  magnetism  of  iron.  With  1  of  antimony,  and  2  of  iron, 
it  fires  with  a  file. 

6.  Zinc  combines  with  iron  only  with  great  difficulty,  but  it  may 
be  used  mstead  of  tin  to  cover  iron  plates. 

7.  Bismuth  combines  with  iron  with  difficulty,  and  scarcely  blunts 
the  magnetic  virtue  of  iron. 


*  The  martial  flowers  are  made  by  heating  iron  or  oxide  of  iron  and  muriate  of 
ammonia,  in  such  proportions,  that  only  one  half  of  the  muriate  shall  be  decomposed ; 
the  heat  is  ultimately  raised  so  that  the  undecomposed  muriate  rises  in  a  sublimate 
and  carries  with  it  some  of  the  iron,  from  which  it  receives  a  yellowish  tinge ;  it  is 
better  to  employ  an  oxide  of  iron  in  this  process.  It  used  to  be  sold  in  the  shops  un- 
der (he  very  improper  name  of  Ens  Veneris. 
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8.  Tin  farms  the  most  usefid  cMoy  with  irony  giving  die  common 
tin  plate,  which  b  made  by  immersion  of  a  bright  iron  plate  in  a  bath 
of  melted  tin.* 

Xlt-  Natural  History. 

Iron  is  diffused  every  where. — ^Its  ores  are  numerous  and  they  exist 
in  greater  quantities  than  those  of  any  metal  or  of  all  other  metals.  The 
native  iron  of  mines  is  an  object  of  much  curiosity  and  that  of  me- 
teors is  still  more  interesting  from  its  mysterious  origin,  and  from  its 
being  invariably  alloyed  with  nickel  while  the  latter  metal  exists  in 
no  iron  ore.  In  this  work  there  is  no  occasion  to  mention  any  of  the 
ores  of  iron  except  the  oxides,f  as  they  alone  are  wrought  for  the 
purposes  of  socieQr.  Among  the  other  ores  some  are  useful  for 
other  purposes,  as  the  sulphurets  for  yielding  copperas  and  sulphur; 
the  arsenical  for  arsenic;  the  chromiferous  for  chrome,  be.  but  the 
oxides  alone  yield  cast  and  bar  iron,  and  the  materials  for  steel. 

The  principal  iron  oxides  that  are  wrought,  are  the  magnetic  iron 
to  which  belongs  the  load  stone;  the  specular  ore;  the  haematites, 
red,  brown  and  black ;  the  sparry  ore ;  the  argillaceous  ores  and  the 
bog  ores ;  none  of  these  are  materiaUy  magnetic  except  the  first. 


•  *  The  best  tin  plate,  b  maDulactured  in  Britain,  particiilarly  at  Caennarthen,  ia 
South  Wales.  Tin  plate  holds  a  place  intennediate  between  an  alloy  and  a  coating. 
When  the  tinning  has  been  two  or  three  times  repeated^  the  whole  plate  is  more  or 
less  alloyed  or  soaked  with  the  tin,  so  as  to  appear  white,  quite  through  where 
it  is  cut  The  finest  kind  of  tin  plate,  has  a  lustre  and  whiteness,  scarcely  in- 
ferior to  silver,  and  the  peculiar  superiority  of  the  English  tin  plate,  appears  to 
consist  in  the  perfect  smoothness  of  the  iron,  and  the  uniform  application  of  the 
tin.  At  Caermarthen,  the  greatest  care  is  taken  to  procure  iron  of  great  parity 
and  malleability,  and  to  make  the  plates  perfectly  smooth  by  passing  them  be- 
tween successive  sets  of  rolling  cylinders  oif  steel,  case  hardened,  ana  capable  of 
being  adjusted  to  different  distances ;  the  plates  are  clipped  at  the  edges  to  make 
them  smooth,  and  all  that  are  not  perfectly  even  are  rejected.  They  are  then  steep- 
ed in  a  we^  acid  liquor,  and  when  taken  out  are  thoroughly  scoured  with  bran  so 
as  to  become  quite  bright  and  polbhed;  otherwise  the  tin  will  not  adhere.  This 
acid  is  often  produced  from  the  fermentation  of  rye  flour  and  water,  sometimes  from 
fermented  veijuice.  In  Bohemia  three  different  stages  of  this  acid  liquor  are  used, 
and  the  iron  plates  lie  as  many  days  and  nights  immersed  in  it ;  they  are  then  wash- 
ed, scoured  with  sand  and  water,  and  to  prevent  rusting,  kept  under  water  till 
used.  The  tin  is  kept  melted  by  a  moderate  charcoal  fire  id  deep  rectangu- 
lar crucibles ;  it  must  not  be  too  hot  which  would  cause  the  plate  to  come  out  yel* 

.......  .  - .       .    .       grcaae,  made  from  linseed 

t  evaporates;  it  produces  a 


low ;  the  oxidizement  of  the  tin  is  prevented  by  placing  grease,  made  from  linseed 
oil  and  suet,  on  the  top  of  the  tin,  and  renewing  it  as  It  evaporates;  it  produces  a 
very  offensive  odor.  Just  before  dipping,  some  water  is  thrown  on  ihe  melted  suet 
which  causes  a  violent  agitation,  and  makes  the  surface  quite  bright.  The  iron  plates 
are  taken  up  eotnenvise  by  forceps  or  pincers  and  dipped  in  vertically  (on  the  conti- 
nent the  plates  are  wet  when  Immersed,)  and  come  out  covered  with  tin,  they  are 
set  up  to  drip,  and  this  produces  little  knobs  at  the  bottom  which  are  taken  off  by  a 
a  second,  but  partial  immersion.  Sinele  plate  tin  is  dipped  three  times,  and  double, 
sir  times.  Liwtly  the  plates  are  sorted,  and  cleaned  with  a  rag  and  saw  dust  or  bran. 
19 1-2  lbs.  of  tin  are  taken  up  by  three  hundred  plates  of  12  by  9  inches.  On  the 
continent  from  1-80  to  1-120  of  copper  is  added  to  the  tin  to  make  H  flow  more  easily ; 
too  much  copper  yellows  it. — jiikin*»  Diet.  L  627. 
t  I  include  the  spathic  iron  in  tliis  general  designation. 
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but  they  all  become  so  by  being  heated  red  hot,  upon  burning  cbar* 
coal,  especially  with  the  addition  of  animal  fat 

XIII.  Processes  or  art. 

The  full  detail  of  the  processes  of  art  upon  iron  would  require  a 
separate  work :  nothing  more  is  intended  in  the  following  brief  sketch 
than  to  indicate  the  principle  of  the  operations,  so  far  that  it  may  con- 
tribute to  the  enlargement  of  the  student's  knowledge. 

1.  The  Assay. — ^The  iron,  previously  roasted  or  not  according  to 
its  nature,  is  intensely  ignited  in  a  crucible  in  a  furnace,  mixed  with 
tV  of  powdered  charcoal  and  some  flux,  as  green  bottle  glass,  lime, 
chalk* or  other  proper  additions;  for  8  parts  of  magnetic  iron 
sand,  take  8  parts  of  fine  bottle  glass,  6  of  limestone  or  chalk,  and  1 
of  charcoal,  and  after  an  hour  or  more  a  button  of  metallic  iron  is 
found,  whose  weight  compared  with  that  of  the  ore  furnishes  the 
means  of  judging.  For  an  exact  result,  an  analysis  by  chemical  rea- 
gents is  necessary,  but  this  is  important  to  science  rather  than  to  the 
arts. 

2.  The  reduction  an  a  large  scale. — ^This  is  only  an  exten^on  of 
the  assay  by  the  furnace.  In  general  the  ores  are  first  roasted  m  frag- 
ments of  convenient  size,  with  charcoal  or  other  fuel,  either  laid  in 
heaps  on  the  ground  or  in  peculiar  furnaces,  the  object  being  to  ex- 
pel arsenic,  sulphur  and  other  volatile  principles. 

Cast  Iron. — ^The  roasted  ore  is  now  heated  in  a  blast  furnace,* 
along  with  charcoal  or  coke  and  limestone  or  clay  according  to  the 
nature  of  the  ore ;  the  carbon,  by  its  attraction  for  the  oxygen  of  the 
ore,  flies  away  with  it  in  the  form  of  carbonic  acid  gas,  and  carbon- 
ic oxide,  and  the  limestone  or  clay,  by  fluxing  the  proper  impuri- 
ties, forms  a  slag  with  some  of  the  oxide  of  iron ;  the  slag  is  an  opaque 
glass,  variously  and  often  beautifully  colored ;  this  floats  and  is  with- 
drawn from  the  surface  of  the  melte^d  metal. 

The  latter  which  is  destined  to  form  pig  or  cast  iron,  is  composed  of 
iron  rendered  fusible  by  chemical  union  with  carbon,  and  it  often  con- 
tains also  phosphorus,  chrome,  manganese  and  sometimes  probably 
titanium,  silicium,  aluminium,  calcium,  magnesium,  and  potassium. 

This  melted  iron  is  now  withdrawn  and  cast  either  into  pigs  in  the 
sand  or  in  moulds  to  form  hollow  ware.  The  cast  iron  is  eidier 
white,  which  is  hard  and  brittle  and  cannot  be  wrought ;  or  gray 
which  can  be  turned  and  bored,  and  is  used  for  cannon  ;  or  black, 


»  The  furnaces  are  of  every  height  from  fifteen  to  sixty  five  feet,  and  are  construc- 
ted of  the  most  refractory  stones  and  bricks.  They  expand  so  much  with  the  heat 
that  they  are  very  liable  to  crack,  and  are  therefore  often  banded  with  iron.  With 
a  view  of  resisting  the  eflectof  expansion,  a  rock  has,  in  one  instance,  been  excava- 
ted almost  fifty  feet  deep  and  lined  with  fire  bricks ;  but  on  letting  on  the  blast,  the 
rock  opened  four  or  six  inches  from  top  to  bottom.— Cfray. 


IRON.  273 

which  is  more  brittle  and  fusible  than  either  of  the  preceding  vftri^ 
ties.* 

3.  Bar  inm.*--Cast  iron  is  rendered  malleable  by  renewed  fusioui 
and  by  agitation  and  pressure.  In  some  cases,f  the  reducuon  from  the 
ore  is  performed  on  the  hearth  of  the  finery  furnace,  as  it  is  called,  and 
the  crude  inm  thus  formed  is,  without  being  withdrawn,  brought  to 
a  condition  in  which  it  can  be  converted  into  bar  iron.  The  opera* 
tion  is  substantially  the  same,  whether  it  is  done  in  this  manner  or  by 
melting  down  the  pig  iron  previously  obtained  from  the  blast  furnace. 
In  either  case,  the  melted  mass  bedded  in  and  covered  by  charcoal, 
is  urged  by  the  blast  of  bellows,  and  it  is  at  the  same  time  agitated  by 
iiOD  instruments ;  thus  the  excess  of  carbon  is  burned  off,  and  the 
8cori»,  consisting  of  the  impurities  that  have  been  mentioned,  are 
farougiit  to  the  surface  and  blown  or  raked  a^de ;  the  iron,  the  longer 
it  is  heated  and  agitated,  grows  less  and  less  fusible,  till  it  becomes  pas* 
ty  and  tenacious,  although  still  in  full  ignition ;  as  soon  as  it  will  hold 
together,  it  is  turned  out  of  the  fire,  and  the  scoriie  are  knocked  off 
with  hammers :  it  is  then  again  heated  and  when  it  has  become  SQ 
tenacious  that  it  will  bear  to  be  moved  from  the  hearth,  it  is  with^ 
drawn  from  the  fire  by  great  pmcers  or  tongs,  suspended  by  a  chain 
from  a  swingmg  beam  or  crane ;  it  is  thus  brought  to  an  anvil  and 
there  subjected  to  the  strokes  of  the  heavy  trip  hammer,  by  which 
the  scoriae  and  slag  are  pressed  out  and  fall,  in  ignited  semi-flqid  mas^ 
aes ;  the  iron,  thus  growing  more  tenacious,  is  returned  to  the  fire 
and  again  to  the  hammer,  and  so  on  alternately,  until  it  is  fit  to  ba 
forged  into  bars,  or  round  iron,  or  to  be  flattened  by  the  rolling  cylin^ 
ders,  into  sheet  iron.  The  cylinders  are  sometimes  employed  to  pr^ss 
out  the  scorie  and  to  aid  in  the  reduction  to  the  state  of  bar  iron.j; 

It  is  thought  that  bar  iron  often  contains  potassium,  derived  froni 
the  charcoal,  and  it  is  suggested  that  its  better  quality,  when  reduced 
by  charcoal  rather  than  coak,  may  be  owmg  to  this  fact :  according 
to  Berzelius  the  most  ductile  iron  ma^  contam  silicium.^ 

A  substance  resembling  plumbago  is  not  unfrequendy  found  on  tha 
surface  of  cast  and  even  of  wrought  iron,  and  adhering  to  the  ladlei 
in  which  melted  iron  is  dipped  out  for  casting. 

4.  Sted.^^Vio[a  some  ores  of  iron,  and  particularly  the  sjMitbiil 
Qie,  by  particular  processes,  steel  is  prepared,  merely  by  converttiM 
^  crude  or  cast  iron  into  bar  iron ;  it  is  called,  for  this  reason,  natunu 


*  The  fame  iron  which  if  cast  in  sand,  is  soft  enough  to  be  turned  in  the  lathe, 
with  ease,  is  rendered  ahnost  too  hard  for  that  purpose,  by  being  cast  in  thick  iron 
moulds ;  this  obviously  depends  upon  the  diflferent  rapidity  of  cooling  in  the  two  cases. 

t  As  in  the  smaller  establishments  at  Salisbury  and  Canaan,  Conn, 
r  %  There  is  variety  in  these  processes  in  different  countries,  but  I  describe  these 
which  1  have  seen  practiced  either  in  Connecticut,  New  Yoric,  or  New  Hampshire. 

VAnn  de  Chim.  78,  p.  283. 
OL.  n.  35 
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Keel  and  is  used  for  coarse  purposes.*  But  the  usual  method  of 
making  steel  is  by  cementation,f  which  consists,  in  igniting  bar  iron  in 
contact  with  powdered  charcoal  contained  in  earthen  crucibles  or  box- 
es, the  whole  being  placed  in  a  proper  furnace ;  blisters,  arising  from 
the  extricadon  of  gas,  appear  on  the  surface,  and  thence  it  is  called 
blistered  steel.  The  change  appears  to  arise  mainly  from  the  absorp- 
tion of  a  small  portion  of  carbon.  The  quality  of  the  steel  is  much 
improTed  by  drawing  it  out,  again  and  agab,  by  the  tilt  hanuner,  when 
it  is  called  tilted  steel ;  it  is  then  cut  up  with  shears  and  called  shear 
steel ;  and  at  last,  the  bars  are  doubled  over,  and  made  into  small 
packets  and  drawn  out  again. 

(a.)  Cast  Sted. — ^The  best  of  the  common  steel  is  broken  up, 
mixed  with  pounded  glass  and  melted  in  crucibles  in  a  powerful  wind 
furnace  and  afterwards  drawn  out  again  by  the  tilt  hammer;  it  is  thus 
much  improved  in  its  qualities,  and  is  fit  for  the  finest  instruments,  but 
it  cannot  be  welded. 

Pure  steel,  ignited  with  charcoal  powder,  forms  a  gray,  brittle  and 
crystalline  carburet  of  iron,  containing  5.64  of  carbon  in  100 ;  in  sev- 
eral trials  it  was  repeatedly  formed,  in  the  same  proportions,  and  being 
therefore  a  definite  compound  it  probably  enters,  in  various  propor- 
tions, into  the  composition  of  steel.  The  Indian  wootZy  is  supposed 
to  owe  its  peculiar  properties  to  the  bases  of  alumina  and  silica ;  it 
requires  to  oe  melted  and  equalized,  before  it  will  mak^  fine  edge  tools. 

(6.)  Case  hardening. — For  the  purpose  of  combining  the  strength 
of  iron  with  the  hardness  of  steel,  manufactured  articles  are  enclosed  in 
certain  animal  substances,  as  horn  shavings,  hair,  leather,  &c.  and  be- 
ing covered  by  clay,  and  contained  in  a  proper  box,  they  receive  the 
requisite  degree  of  heat ;  the  outside  is  carbonized  and  the  inside 
remains  in  the  condition  of  iron ;  they  are  afterwards  tempered  in 
the  usual  way. 

(c.)  Sted  plates  for  Engraving. — ^These  are,  by  a  particular  pro- 
cess|  decarbonized  in  the  fire,  and  rendered  soft ;  the  engraving  is 
then  put  on,  and  they  are  carbonized  anew  by  being  wrapped  and 
heated  in  a  proper  composition  and  are  afterwards  duly  harden- 
ed ;  this  beaudful  art  has  been  brought  to  great  perfection  by  Mr.  Ja- 
cob Perkins.  Steel  is  readily  distinguished  from  iron  by  the  action 
of  an  acid  which  dissolves  the  iron  and  developes  the  carbon,^  formi^ 

*  For  the  details  I  must  refer  to  Gray's-  Op.  Chem. ;  Th6nard*8  Chem.;  Aikin's 
Die.  and  other  large  works. 

t  Now  successfully  performed  io  this  country,  and  particularly  by  Mr.  0.  L.  Clark, 
of  New  York.— See  Am.  Jour.  Vol.  XVII,  p.  111.  and  Vol.  XIX. 

X  The  term  used  by  Mr.  Perkins,  in  conversation  with  myself. 

§  Mr.  Dalton  did  not  find  any  residuum  when  he  dissolved  steel  in  acids,  nor 
did  the  hydrogen,  evolved  by  diluted  sulphuric  acid,  contain  any  carbon ;  hence  he 
was  led  to  conclude  that  the  peculiarities  of  steel  do  not  depend  on  the  absorption 
of  carbon,  but  on  a  peculiar  arrangement  of  its  particles  by  a  species  of  crystalli- 
zation. These  results  are  singular,  and  demand  confirmation,  if  any  thing  can  need 
it  that  has  passed  through  the  hands  of  Mr.  Dalton, 
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a  black  spot;  nitric  acid  is  commonly  employed  for  this  purpose.  In 
general,  iron,  in  becoming  steel,  absorbs  irom  t  rir  to  t^^  of  its  weight 
of  carbon ;  cast  iron  contains  from  j\  to  ^^j* 

Steel  can  be  alloyed  with  various  metals,  and  some  of  the  alloys 
are  important ;  with  j^ir  <^f  ^^^^  ^^  retains  the  qualities  of  steel,  and 
improved  penknives  are  made  of  this  alloy.* 

With  tK  <>f  platinum,  steel  is  rendered  tougher  and  harder.  Rho- 
dium, iridium  and  osmium  produced  valuable  alloys.  Some  of  these 
alloys,  especially  that  of  platinum,  dissolve  in  acids  with  increased 
rapidity,t  probably  owing  to  the  formation  of  a  galvanic  circle. 

(rf.)  Hardening  of  steel. — ^Where  the  greatest  hardness  is  requir- 
ed, it  is  obtained  by  heating  the  steel  red  hot  and  plunging  it  into  cold 
water ;  it  becomes  also  very  britde ;  to  prevent  decarbonization  and 
scaling,  it  is,  while  heating,  covered  with  charcoal  or  some  similar^ 
thbg.  Various  substances  are  used  instead  of  water,  as  urine,  acids, 
tallow,  &c.  and  even  cold  air ;  or  on  account  of  their  conducting 
power,  the  mere  contact  of  metals  is  sometimes  sufficient.  The 
effect  probably  depends  on  a  peculiar  arrangement  of  the  particles. 

(e.)  Tempering  of  steel. — ^When  steel  is  hardened,  as  just  described, 
it  will  become  soft  again,  if  it  be  heated  up  to  the  first  pomt  and  then 
left  to  cool ;  but  any  intermediate  hardness  may  be  secured,  bv  heat- 
ing the  article  to  the  degree  that  corresponds  to  it,  and  then  allowing 
it  to  cool  of  itself;  this  is  called  tempering  and  is  usually  judged  of 
by  the  colors];  that  appear  on  the  surface  of  the  steel  as  it  is  heated ; 
thus,  a  straw  color  corresponding  to  430°  or  460°  F.  denotes  the 
proper  temper  for  gravers,  penknives,  and  razors,  and  other  instru- 
ments, having  a  stout  back  and  delicate  edge ;  the  first  tinge  of 
purple  corresponds  to  510°,  and  is  adapted  to  table  and  carving 
knives.  Tempering  is  frequendy  done  by  using  an  oil  bath  or  one 
of  fusible  metal;  the  ardcles  can  be  laid  on  the  latter,  and  a  ther- 
mometer mdicates  the  proper  degree  of  heat,  and  relieves  the  work- 
man from  the  necessity  of  attending  to  the  color  of  each  article. 
Some  articles  are  sufficiendy  tempered  by  a  heat  equal  to  that  of 
boiling  water.^ 

The  elasticity  of  watch  springs  is  obtained  at  a  temperature  of 
firom  550°  to  560°,  by  laying  them  on  a  plate  of  heated  metal,  or  by 
burning  charcoal  or  starch,  and  holding  the  spring  in  it  tiU  it  becomes 
blue ;  if  this  blue  film  is  rembved  by  grinding  it  is  said  to  destroy  the 
elasticity. 

Mere  iron  is  not  capable  of  bemg  made  very  hard  or  very  elastic. 


*  They  seem  to  roe  more  brittle  than  those  made  of  commoo  steel, 
t  Faraday,  Phil.  Trans.  1822. 

X  These  colors  depend  on  oxidation,  and  do  not  appear  in  oil  or  mercury,  or  in  hy* 
droren  or  nitrogen  gas. 
$  PhU.  Trans.  1818. 
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XIV.  MiBCKLLAKEOUs.— Jtfedteol UMS.-^IroD  is  friendfyto  the 

Eowers  of  life,  and  is  frequentlj  admioistered  in  medicine.    There  is 
ttle  to  add  to  what  has  been  ah^ady  said  respectmg  its  medical 
preparations. 

Iron  filingt.'-^To  free  them  from  Blings  of  brass  and  copper,  they 
are  rapidly  drawn  up  through  a  seive  by  a  magnet ;  but  this  will  not 
purify  them  entirely,  and  it  is  better  to  obtam  them  in  places  where 
these  metals  are  not  wrought,  or  to  file  good  bar  iron  on  purpose. 
The  blacksmith's  scales  scarcely  need  any  purifying,  except  by  pul- 
verizing and  washing.  The  sulphate  of  iron,  as  prepared  in  com- 
merce, sometimes  contains  copper,  derived  from  the  ore  ;*  this  is  easi- 
ly determined  by  ammonia,  which,  if  copper  is  present,  will  give  a. 
sky  blue  color  to  the  liquor,  after  the  oxide  of  iron  is  precipitated 
and  removed  by  the  filter.  The  alkaline  liauor  of  iron,  made  by 
mmgling  that  metal,  nitric  acid,  water  and  carbonate  of  potassa,  and 
there  will  of  course  be  an  alkaline  solution  of  oxide  of  iron  mixed 
with  nitre  and  precipitated  oxide.  Although  as  a  chemical  prepara* 
tion,  it  appears  to  be  absurd,  if  it  has  decided  medical  virtues,  it 
ought  to  be  retained. 

Acetate  of  iron  is  made,  by  dissolvmg  carbonate  of  iron  in  pure 
vinegar,  and  there  is  a  tincture  of  the  acetate  of  iron,  made  by  min- 

S*'Dg  acetate  of  potassa,  sulphate  of  iron  and  alcohol.  See  Coxa's 
spen.  p.  291. 

The  tincture  of  muriate  of  red  oxide  of  iron,  made  by  mingling 
the  red  oxide  with  muriatic  acid  and  alcohol,  is  an  excellent  chaly- 
beate; a  tartrate  of  iron  and  potassa  is  made  by  boiling  carbonate  of 
iron,  or  iron  filings  with  cream  of  tartar  and  water ;  when  there  is  not 
an  excess  of  acid  the  taste  of  the  iron  is  hardly  perceptible. 

Iron  rust  absorbs  ammonia  from  the  atmosphere. 

The  uses  of  iron  in  the  common  affiurs  of  mankind  are  too  numer- 
ous and  obvious  to  need  recital. 

XV.  PoLABiTT. — ^Attracted  to  the  negative  pole. 

Sec.  XXXI. — CoppER.f 
I.  Histoht. 

(a.)  Known  from  tht  highest  antiquity;  only  gold  and  silver  were 
known  as  early.  The  domestic  utensils  and  arms  of  the  early  na- 
tions, were  generally  made  of  bronze,  or  some  other  c<Hnpound  con- 
taining copper,  alloyed  usually  with  tin. 

(6.)  IXscoveredf  as  is  said^  in  Cyprus^  and  hence  the  name  cu- 
prum or  copper. 

*  Copper  p]rrite8  and  other  ores  of  that  metal  being  frequently  found  with  inn 
pyrites, 
f  Cuprum,  Latin;  alchemistical  name,  Venus. 


n 
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n.  PlfcOPBBmBS. 

Color  brounMi  red;*  receives  a  high  lustre  from  polishing* 
Taste  and  smeU  ruLuseous;  hands  that  have  touched  it  impart 
the  smell  for  a  good  while  to  the  nostrils;  poisonous  in  every  form 
and  said  to  be  instinctively  rejected  by  animals, 

(c.)  Very  sonorous^  elastic,  tenacious,  malleable  and  ductile;  leaves 
of  it  may  be  made  so  thin  as  to  be  blown  away  by  the  wind. 

(d.)  &p.gr.  8.830,  (Lewis);  8.895,  (Hatchett);  9.  Japanese, 
(Cronstedt);  8.434,  (Thomson);  sometimes  in  commerce  8.6 ;f 
sp.  gr.  increased  by  hammering. 

Rather  soft;  will  not  strike  fire  with  the  flint.} 
Texture  granulated  and  liable  to  blisters. 

_.)  Tenaciiyistferiortothatofiron;  superior  to  that  of  platinum, 
9lver  and  gold ;  a  wire  of  ^  ^th  of  an  inch  in  diameter,  sustains  300  Ibs.^ 

^.)  Conducts  heat  very  ufell;  mdts  at  afuU  vMte  heat,  (usually 
stated  to  be  27^  Wedgwood,)  and  if  urged,  evaporates,  in  visible 
fumes;  it  can  be  melted  on  charcoal  by  the  moudi  blowpipe,  and 
before  fusion  shows  prismatic  colors. 

ft.)  CryjtoZZisref,  by  slow  cooling,  in  quadrangular  pyramids;  when 
native,  it  is  not  unfrequently  crystallized. 

(/.)  When  cast^  unless  very  hot,  it  b  prone  tq,he porous;  at  igni- 
tion it  is  impressible,  and  bears  the  hammer.  || 

(i.)  Great  capacity  for  heat,  and  so  much  is  latent  in  its  fluid  state 
as  to  vaporize  water  with  explosive  rapidity.lT 

lU.  Relation  to  oxtgcn.*— Com6ttf^iit2i^y. 

(a.)  Comer  is  a  combustible  metal;  pieces  of  it  thrown  among 
burning  coafs,  instandy  tinge  the  flame  green,**  and  so  do  most  of 
the  cupreous  saks,  especially  if  mixed  with  alcobol.f  f 

J 6.)  Under  the  compound  bloufpipe  it  melts  and  boHs,  and  bums 
h  great  splendor,  emitting  a  green  flame  and  light  almost  insup* 
portable  b^  the  eye ;  if  after  it  is  white  hot,  the  hydrogen  gas  be  shut 
off,  it  contmues  to  bum  in  the  oxygen  gas  alone;  but  the  green  flame 
b  not  so  apparent  as  when  the  hydrogen  gas  is  used  with  the  ox- 
ygen ;  the  fumes  must  be  carefully  avoided. 

*  No  vOkar  metal  except  tittiiium  has  a  red  eo\or.^7Stmer, 

t  Average  of  these  five  numbers,  8.752;  coming  very  near  to  that  assigned  by 
I>r.  Tunaer,  8.78. 

t  Therefore  used  for  making  the  nails,  hoops,  hammers,  chisels,  and  other  instru- 
ments employed  in  the  manufacture  of  powder.  §  Fourc.  VI,  817. 

H  Used  in  this  state  In  the  hasty  coinage  of  the  Romans ;  frequently  in  camp,  with 
the  general*s  die. 

f  llence  the  moulds  in  which  cupreous  metals  are  to  be  east  are  dried  widi  great 
care,  and  even  in  some  instances,  ienited. — Black.  This  liability  is  however  denied 
by  some  artfsts  who  cast  ooppef  and  its  compounds.— 7.  t. 

**  Henoe  it  is  often  used  to  tinge  artificial  fire  worlcs. 

ft  Charcoal,  or  a  sponge,  filled  with  such  a  solution,  bums  with  a  ^lendid  green, 
and  becomes  covered  wMi  metallic  copper ;  it  is  said  that  the  blue  cupreous  salts 
tinge  flame  green ;  the  green  blue ;  this  is  true  in  some  cues,  but  there  appear  to 
be  some  exceptions. 
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(c.)  If  the  white  hot  globule  be  thrown  from  the  charcoal  irUo  a 
iaUjar  or  wide  tube  of  watery  whose  bottom  is  protected  by  sand, 
it  will  pass,  in  full  ignition^  through  a  column  of  the  fluid  two  feet 
high,  and  voiU  reMain^  for  some  time,  ignited  on  the  bottom. 

(rf.)  A  strong  electric  or  galvanic  discharge  bums  a  copper  wire. 

Oxides. 

(a.)  Copper  is  tarnished  by  air  and  moisture^  and  acquires  an 
obscure  glossy  skin,  like  a  varnish,  and  in  a  long  time  becomes  cov- 
ered with  a  coating  of  green  sub-carbonate.* 

(b.)  A  plate  of  ignited  copper  is  promptly  incnuted  by  oxide, 
which  cracks  as  the  metal  cools,  and  falls  off  in  scales,  especially  if 
alternately  heated  and  plunged  into  water.f 

There  has  been  difference  of  opinion  as  to  the  number  of  the  ox- 
ides of  copper,  but  it  is  now  generally  agreed  that  there  are  only  two.| 

K  Protoxide—^ed  oxide;  when  hydrated^  yellotv. 

(a.)  Formed  by  distilling  to  dryness,  and  even  to  redness,  the 
muriate  of  copper;  the  residue^  thoroughly  washed,  is  heated  with 
an  excess  of  su]>-carbonate  of  potassa,  when  the  hydrated  protoxide 
precipitates,  in  a  yellow  powder. 

(&.)  The  permuriate^  of  copper  with  free  muriatic  add  and  cop- 
per fuings,  is  placed  in  a  stopped  vial;  or  67 J  parts  of  peroxide  of 
copper  are  triturated  with  50  of  metallic  copper,  precipitated  by  iron, 
and  400  of  muriatic  acid  are  added  and  dissolved  by  heat  m  a  cbse 
vessel ;  and  then  the  hydrated  oxide  b  precipitated  by  potassa. 

(c.)  By  igniting  in  a  dose  veud,  metallic  copper,  64  parts,  vnih 
peroxide  80,  both  finely  divided ;  or  by  boiling  a  solution  of  the  ace- 
tate with  sugar  which  takes  one  equivdent  of  oxygen  and  leaves  the 
protoxide,  to  subside. 

(d.)  Properties. — As  a  hydrate,  f/eUow;  mdted  bdow  ignition ; 
color  red,  when  water  is  expelled ;  absorbs  oxygen  readily ;  with  the 
muriatic  and  probably  other  acids,  forms  colorless  proto-salts,  from 
which  alkalies  precipitate  a  yellow  hydrate.  Ammonia  dissolves  the 
oxide  and  gives  a  colorless  solution. 


*  Which  defends  the  copper  beneath  from  any  farther  action ;  this  is  the  condi- 
tion of  most  of  the  ancient  copper  medals,  which  appearance,  the  venders  vainly 
endeavor  to  imitate  by  art  in  modern  coins ;  it  requires  the  long  continued  concur- 
rence of  both  air  and  moisture,  to  give  them  their  peculiar  appearance.  A  polish- 
ed bar  of  copper  is  tarnished  by  various  shades  of  color  when  neated. 

t  It  is  common,  in  finishing  the  copper  stills,  to  heat  them  by  a  fire  made  inside, 
till  the  copper  is  oxidized,  and  then  to  dash  on  buckets  of  cold  water;  scales  of  oxide 
fly  off,  from  the  rapid  contraction  of  the  metal,  and  leave  the  copper  with  a  beau- 
tiful red  sur&ce. 

t  Th^nard  (Chim.  V.  IT,  649,)  has  given,  much  in  deUil,  a  method  of  forming,  a 
tritoxide  of  copper,  by  the  action  of  oxigenized  water  upon  the  nitrate  of  copper,  or 
die  hydrated  peroxide,  but  his  conclusions  have  not  been  adopted  in  the  most  recent 
works. 

§  Formed  by  dissolving  peroxide  of  copper  in  muriatic  acid. 
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(e.)  Exists  native f — in  mass,  and  in  deep  red  brown  octahedral  crys- 
tals,* and  in  light  red  fibres,  from  which  a  good  heat  of  the  mouth 
blow  pipe,  upon  burning  charcoal,  evolves  the  metallic  copper.  In 
the  native  sahs  of  copper,  (except  the  carbonates,)  the  acids  are 
combined  with  the  peroxide. 

(/.)  Composition. — Copper  1  equiv.  64+1  oxy.  8=72,  its  equiv. ; 
percent,  copper  88.89+oxy.  11.11  =  100. 

2.  Peroxide;  black  oxide;  when  hydratedj  blue. 

(a.)  Formed  by  calcining  under  a  muffle,  the  scales  of  oxide  of 
copper,  produced  by  heat  and  air.f 

(6.)  oy  decomposing  the  per-salts  of  copper,  particularly  the  ni- 
trate, by  potassa  and  igniting  the  residuum. 

ic.)  By  simply  igniting  the  nitrate,  when  its  acid  is  decomposed 
expelled. 

(rf.)  Properties. — Color  brownish  or  bluish  black;  fusihh  at  a  heat 
above  redness ;  at  a  b'gh  heat,  probably  becomes  protoxide;  by  heat 
and  combustibles,  readily  reduced  to  the  metallic  state ;  insoluble  in 
water;  combines  with  most  acids,  and  its  salts  are  green  or  blue; 
soluble  in  ammonia,  forming  a  deep  blue  solution.  | 

(c.)  Composition.-— CoipfeT  1  equiv.  64+2  of  oxy.  16=80  its 
equiv. 

rV.  (a.)  Water,  when  pure^  has  no  action  on  copper;  even  at  a 
white  heat,  copper  does  not  decompose  water,  and  no  hydrogen  gas 
is  produced. 

(&.)  But,  by  the  joint  action  of  air  and  water,  it  is  oxidized,  and  a 
line  of  green  oxide,  or  rather  carbonate  is  formed,  doubtiess  by  a 
galvano-chemical  action.^ 

(c.)  Water  unites  with  oxide  of  copper  forming  a  hydrate.  Po- 
tassa precipitates  it  blue  II  from  the  nitrate :  it  must  be  largely  washed 
with  boiling  water,  and  when  dry  it  will  shrink  like  alumina,  but  re- 
tains its  color ;  it  appears  to  consist  of  1  equiv.  of  peroxide,  with  3  of 
water ;  at  a  high  heat  the  water  is  expelled,  and  die  remaining  oxide 
constitutes  3  parts  out  of  4. 

V.  Combustibles. — Copper  combines  toith  sulphur  and  phospho- 
rus. 

*  FouDd  very  beautiful  in  the  mines  of  Cornwall ;  the  Cornish  gentry  place 
groups  of  these  crystals  as  ornaments  in  their  houses  along  with  other  beautinil  min- 
erals of  that  county.  This  red  or  ruby  oxide,  occurs  alM  in  Connecticut  and  New 
Jersey. 

t  They  are  an  imperfect  oxide,  or  rather  a  mixture  of  black  oxide  62  and  copper  88. 

t  Peculiar  to  this  metal. — (liamer.)  Nickel  (as  indeed  the  same  author  else- 
where observes,)  gives  a  similar  solution,  but  it  is  a  paler  blue,  not  azure,  and  it  is 
not  permanent,  as  the  suspended  oxide  eventually  precipitates. 

I  This  accords  with  familiar  experience  in  common  life.  Hence  no  alimentary 
fluid  should  be  kept  in  open  copper  vessels. 

II  The  blue  hydrate  retains  its  color  if  prepaied  in  glass  or  earthen  vessels ;  but  in 
wooden  vessels,  it  turns  black,  if  exposed  to  the  light.  I  have  had  the  precipitate 
from  200  gallons  of  solution,  change  to  black  in  the  course  of  an  hour  or  two.— g.  c. 
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1.  Phoiphonu. 

(a.)  Photpkuret  of  eopper  may  be  fanud  tii  the  moda  drmig 
dacribed^  (p^S^  ^^^0  either  bj  the  heated  metal  and  phoqiboniai 
or  the  metal,  phosphoric  glass  and  charcoal. 

(&.)  Properties. — Brilliantj  brittle^  whiie^  very  hard;  DOtdtict3e| 
sp.^r.  7.122;  crystallizes  in  prisms;  more  fusible' than  copper; 
heated  in  the  air,  crumbles  and  becomes  phosphate  of  copper. 

[c.)  Composition;  20  phosphorus  ^o  100  metal — (Pelletier)  ;  the 
equivalents  are  in  the  ratio  ol  20  :  106^,  ao  that  this  early  experi- 
ment is  not  very  incorrect. 

2«  Sulphur. — ^There  are  two  sulphurets  of  copper. 

1.  Proto-sulphuret. — Formed  by  heating  equal  parts  of  eofper 
JUingSj  and  sulphur j  in  a  crucible.* 

[aA  3f  parts  of  copper  filings  with  1  one  of  sulphur  beiag  mixed 
b  a  glass  vial,  flask,  or  tube,  and  then  gradually  heated,  the  simstances 
melt  and  at  the  moment  of  combining  emit  a  deep  red  light.|  Cop* 
per  leaf  is  ignited  as  brilliantly  in  the  vapor  of  sdphur  as  iron  wir^  m 
oxygen  gas. 

^&.)  Properties.^^Color gray  ;  crystals  hexahedral  prisms  ;  mora 
fusible  than  copper ;  not  decomposed  by  heat,  but  this  sulphuret  com- 
bines with  oxygen  and  becomes  sulphate  or  subsulphate. 

(c.)  Composition»^^Coffer  1  equiv.  64  +  1  of  sulphur  16»80 
its  equiv;  for  100  of  copper  there  are  25  of  sulphur. 

{d.)  Theproio^sulphuret  exists  native^  in  the  copper  glance  or  gray 
Bulphuret  ofcopper,  and  in  the  copper  ore^  of  which,  along  with  sut 
phuret  of  iron,  it  forms  nearly  one  half. 

2.  Deuto  or  iwti/pAure^  of  copper. 
Processes. 

(a.)  Bypassing  sulphuretted  hydrogen  gas  dirough  a  oohitkNi  of 
the  per-sulphate  o(  copper. 

(o.)  By  rubbing,  in  Uie  cold,  the  powder  of  sulphurel  of  copper, 
witn  strong  and  pure  nitric  acid. 


*  Fonnerly  by  heating  to  dull  rednen  for  one  bour,  platef  of  copper,  altenaHif 
with  fiowen  of  lulphur ;  the  product  was  brittle,  and  of  the  color  of  iron ;  it  wai 
called  «f  veneris  in  the  ehops,  and  was  prepared  for  dyeing  and  printing  clothsL— 
row.  y  1. 8M. 

t  Equal  parts  (Thteard ;)  by  the  equivalents,  sulphur  Is  but  1-5  of  the  whole  com* 
pound,  but  in  forming  the  sulphurets  an  excess  of  sulphur  is  commonly  used  that  we 
may  be  sure  to  have  enough. 

t  Thisentereence  of  beat  and  light  happens  equally.  In  a  raeunm  or  in  an^  gas, 
hut  it  is  scarcely  proper  to  call  the  appearance  a  combustion,  for  the  product  is  still 
combustible  and  is  not  a  sulphate  of  an  oude  but  a  sulphuret  of  the  metal.  See 
Beroarks  on  corobustaon,  pp.  98.  99. 

§  Thenard  says  that  in  the  copper  pyrites  it  is  in  the  state  of  proto-sulphunt  (Cfaim. 
Tol.  I.  p.  877,)  whUe  Dr.  Turner  (Sd.  Am.  Ed.  p.  868,)  says  ft  is  in  the  condition  of  a 
bi-Mlphiiret. 
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(c)  Properties. — ^As  formed  by  this  last  process,  it  is  a  greenish 
black  powder.*  By  a  red  heat,  in  close  vessels  it  loses  half  its  sul- 
phur and  becomes  proto-sulphuret. 

(a.)  Compontion,j[ — Copper  1  equiv.  64  +  2  of  sulphur,  32=96 
its  equiv. ;  per  cent,  copper  100,  sulphur  50. 

VI,  Acids. — Salts  of  Copper. 

Many  of  them  have  been  long  knovm  and  are  well  understood. \ 
Every  add  acts  upon  copper^  in  some  degree,  and  in  some  circum- 
stances^  and  discolors  it.     Its  salts  are  generally  either  blue  or  green. 

1 .  Sulphuric  acid. — Sulphate  of  copper. — blue  vitriol. 

(a.)  In  the  cold,  no  action  even  when  concentrated,  but  with  acid 
2,  and  metal  Ijby  a  boiling  heat^  this  metal  is  oxidized  and  dissolved^ 
while  sulphurous  acid  gas  escapes,  forming  a  fine  blue  solution. 

(6.)  In  the  large  way  the  copper  is  oxidized  by  igniting  it  in  an 
oven  ;  the  scale  of  oxide  is  then  beaten  off  and  the  copper  is  heated 
again  till  the  whole  is  thus  oxidized;  the  scales, ||  heated  in  the  acid, 
will  partially  dissolve  without  decomposing  the  latter. 

(c.)  Procured  by  evaporation  from  natural  waters^  in  the  copper 
mine  districts  of  some  countries,  as  England,  Ireland,  Hungary  and 
Sweden. 

{d.)  Or^  copper  pyrites^  are  roasted  with  access  of  air  and  moist- 
ure; the  sulphur  is  acidified,  the  copper  oxidized,  and  a  bi-sul- 
phate**  is  formed,  and  extracted  by  solution  and  crystallization. ff 

Properties  of  the  blue  vitriol^  (sulphate  of  copper.) 

(e.)  This  is  a  bi-sulphate  of  the  peroxide;  the  crystalsl^'l  being  ob' 
lique  prisms^  whose  base  is  an  oblique  parallelogram,  appear  like 
rhomboids ;  they  are  often  large  and  beautiful. 

•  Faraday  Eng.  Quart.  Jour.  XXI.  183.  and  H. 

t  A  bi-8u)phuret  of  copper  is  constantly  formiog  in  the  crater  of  Vera vi us,  along 
with  many  metallic  and  other  bodies ;  it  happens  after  an  eruption,  the  heat  being 
still  active  below  but  dormant  above,  so  that  the  sublimed  substances  can  be  con- 
densed. Ann.  de  Ch.  et  de  Ph.  Tome  36.  p.  109. 

X  The  alchemists  called  them  salts  of  Venus. 

§  Some  very  curious  observations  of  Dr.  John  Davy,  (Jameson's  Edinb.  Jour. 
1880,)  tend  to  show  that  the  atmosphere,  probably  by  a  g^lvano-chemical  action,  is 
very  efficient  in  producing  the  salts  of  copper,  and  that  even  with  the  three  mineral 
adds  the  action  is  either  null  or  slight,  provided  the  air  is  excluded. 

I]  The  composition  of  these  scales  is  variable ;  they  are  often  a  pure  protoxide, 
ana  when  treated  with  hot  sulphuric  acid  become  peroxide  of  copper,  which  dissolves 
and  finely  divided  metallic  copper  subsides.  Their  texture  is  crystalline  and  they 
readily  dissolve  in  ammonia,  and  give,  in  close  vessels,  a  colorless  solution. — a.  a.  h. 

IT  By  mixing  moistened  copper  filings  and  flowers  of  sulphur,  a  spontaneous  sul- 
pbatization  will  he  accomplished  in  the  course  of  some  time. 

**  In  France,  they  sprinkle  moistened  sheets  of  copper  with  flowers  of  sulphur,  and 
having  heated  them  red  hot  in  a  furnace,  plunge  then),  while  hot,  into  cold  water, 
which  causes  the  sulphuret  to  flake  off;  then  the  sheets  are  sprinkled  and  heated 
anew,  and  so  on ;  sometimes  it  is  obtained,  by  passing  the  vapor  of  sulphur  through 
cylinders  filled  with  pieces  of  copper :  this  sulphuret  changes  into  sulphate  by  the 
action  of  the  air,  and  the  salt  is  dissolved  by  water. 

tt  If  iron  is  present  it  is  precipitated  by  the  addition  of  deutoxide  of  copper,  (Th^* 
nard.  Vol.  III.  p.  197,  6th  Ed.) 

XX  The  solution  is  eaj^ilv  cryslallizod  bv  evaporation,  and,  even  simplv  bv  coeliog. 

Vol.  II.  ■  36 
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(/.)  It  has  been  called  a  super  sulphate;  becatise  it  reddens  Feg- 
etable  blues;  the  black  oxide  of  copper  will  saturate  the  excess  of 
acid  and  render  the  salt  neutral. 

{g.)  Color  deep  rich  blue^  taste  styptic^  metallic  and  nauseous; 
used  as  a  caustic ;  soluble  in  4  parts  of  water  at  60^,  in  2  at  212^; 
insoluble  in  alcohol;  slightly  effloresces.* 

ih.)  Suffers  the  aqueous  fusion  ;  becomes  a  bluish  white  powder, 
by  an  increased  heat  the  acid  is  expelled  undecoroposed^f  and 
the  black  oxide  remains. 

{%.)  Earths  and  alkalies  and  their  carbonates, precipitaie  a  blue  or 
Uuish^ey  hvdraied  oxide;  it  becomes  green  in  the  air  by  absorbing 
carbomc  acid.     The  pure  alkalies  dissolve  the  precipitate. 

Ammonia  does  it  promptly,  and  forms  the  aqua  celestif  of  the 
apothecaries,  of  a  beautiful  blue  color ;  ammonia  is  in  this  way  an 
excellent  test  of  copper ,  which  it  discovers  in  very  minute  propor- 
tions ;  1  gr.  will  tinge  2  lbs.  of  water. 

(j.)  Muriate  of  ammonia  and  blue  vitriol,  equal  parts  being  mix- 
ed and  dissolved  in  warm  water,  the  solution  is  yellow,  while  warm, 
but  becomes  green  on  cooling  ;||  it  is  a  sympathetic  ink. 

(k,)  Many  metals,  as  zinc,  tin  and  iron,  (and  eminently  the  latter) 
precipitate  copper  from  its  solutions ;  a  clean  iron  plate,  on  being  im- 
mersed in  a  cupreous  solution,  is  mstantly  covered  with  copper.lT 

(/.)  Composition. — Peroxide  1  equiv.  80  +  sulphuric  acid  2 
equiv.  80  +  water  10  equiv.  90  =  250  its  equiv.;  per  cent,  peroxide 
32  +  acid  32  +  water  36 ;  without  water,  peroxide  1  equiv.  80 
-h  acid  2  equiv.  80=160;  per  cent,  peroxide  60.90,  acid  49.10. 
— Berzelius, 

It  appears  then,  that  blue  vitriol  is  a  bi-sulphate  and  some  choose  to 
call  it  a  bi-per-sulphate.** 

*  Only  superficially  in  the  air,  lis  surface  becoming  covered  with  a  greenbh  white 
powder ;  fine  flpeclmens  of  the  crystals  lose  their  beauty  in  that  manner,  but  t>eing 
rediasolved  in  water,  beautiful  crystals  are  again  obtained ;  varnish  will  preserve 
these  from  efflorescence. 

t  It  is  generally  stated,  that  the  sulphuric  acid  may  be  obtained  from  it  by  distillation 
undecomposed,  but  Laugier  (Coursde  Chimie,  Vol.  H.p.  242,)  says  **  produit  molos 
d*acide  sulfurique  que  la  sulphate  de  fer,  et  une  plus  grand  quantit6  d'aclde  sulfu- 
reux  etd*ozigene,dan&1a  proportion  de  2  a  1 ;  on  a  pour  residu  du  peroxide  de  cuivre." 

L Lines  drawn  with  it  on  paper,  are  invisible  while  cold,  but  become  yellow  on 
IS  heated ,  and  again  disappear  on  cooling. 

IT  iron  is  employed  to  separate  copper  from  its  native  sulphuric  and  other  saline 
solutions.  As  it  is  often  dissolved  in  the  waters  that  run  from  mines,  it  is  not 
unfrequently  detected  by  meeting,  accidentally,  with  iron  which  throws  down  the 
copper. 

**  It  is  obvious  that  the  refinements  of  a  significant  nomenclature  are  some- 
times embarrassing,  requiring  frequent  changes  with  the  progreas  of  discovery,  and 
presenting  names  which  although  accurate,  are  inconveniently  long ;  they  also  com- 
pel us  to  return  occasionally  to  ancient  jTrop^r  natneSt  such  as  alum,  calomel,  com- 
mon salt,  white,  green  and  blue  vitriol,  &c.  Where  the  old  names  are  short  and 
Involve  no  erroneous  idea,  it  is  well  to  retain  them ;  and  the  systematic  name,  being 
annexed,  will  always  answer  the  purpose  of  a  concise  definition. 
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(»i.^  A  sub-sulphate  (composed  of  peroxide  2  equiv.  160  +  acid 
i  equiv.  40=200,)  was  obtained  by  Mr.  Proust  by  adding  potassa 
to  the  solution  of  the  sulphate,  but  not  enough  to  saturate  the  acid ; 
the  sub-sulphate  is  a  green  precipitate ;  if  the  acid  is  saturated,  the 
precipitate  is  a  blue  hydrate. 

(n.)  Dr.  Thomson  mentions  a  quadri-sulphaie,  composed  of  4 
equiv*  of  acid  160  +  1  of  peroxide  80=240.* 

(o.)  Medical  uses, — ^An  escharotic,  a  styptic,  and  in  very  small 
doses  used  as  an  emetic ;  being  a  decided  poison,  it  should  be  em- 
ployed with  great  care. 

2.  Sulphurous  acid ;  no  action  on  copper;  if  sulphurous  acid  gas 
be  first  passed  through  a  small  vessel  of  water  to  wash  out  sulphuric 
acid,  it  unites  vnth  peroodde  of  copper  suspended  in  water,  and  forms 
a  green  acid  solution  of  sulphite,  and  small  red  crystals  are  precipitat- 
ed ;  composition,  protoxide  63.84  +  acid  35. 1 6 = 1  OO.f 

3.  Nitric  add  dissolves  both  copper  and  its  oxides j  witli  energy ; 
the  oxides  are  dissolved  without  effervescence. 

(a.)  Acid  1,  ioith  water  2,  copper  in  pieces;  at  first,  apply  a  low 
degree  of  heat  and  remove  it  as  soon  as  the  action  begms.|  (See 
Vol.  I,  p.  463.) 

(i.)  Nitric  oxide  gas^  holding  a  little  copper  in  solution,  is  disen- 
gaged,  as  already  described.  (Id.)     Ammonia  is  also  formed. 

(c.)  Properties. — ^The  solution  is  of  a  blue  color,  richer  than  the 
sulphate,  or  it  is  at  first  green^;  crystals  in  long  parallelopipeds  are 
obtained  by  evaporation;  their  sp.gr.  is 2.174. 

(d.)  Taste  intensely  acrid  and  metallic;  very  caustic,  and  used  as 
an  escharotic. 

(e.)  3^  crystals  deliquesce,  are  very  sohible  in  water,  and  solu- 
ble also  in  alcohol;  at  about  100^  suffer  the  aqueous  iusion;  by  a 
longer  heat  they  lose  water  and  some  acid,  becoming  in  this  manner 
a  less  soluble  sub-nitrate. 

(/.)  Scintillate  a  little  on  burning  coals;  paper  or  charcoal,  imbu* 
ed  with  the  alcoholic  solution,  burns  with  a  rich  green  flame,  and  be-? 
comes  covered  with  metallic  copper. 

(g.)  Detonate  unih  phosphorus,  by  percussion. || 


*  Ann.  Philos.  N.  S.  I,  244.  It  unites  with  other  salts,  and  forms  double  salts ;  the 
sulphate  of  iron  and  copper,  closely  resembles  bi-sulphate  of  copper,  in  form.- a.  a.  h. 

i  Chevreu).  Ann.  de  Ch.  33.  p.  181,  and  H. 

X  It  does  not  readily  act  if  highly  concentrated,  but  when  it  does  come  on,  the  ac- 
tion is  so  violent  as  to  be  dangerous. — Laugier. 

§  Green  at  first,  from  the  solution  of  nitric  oxide  gas ;  it  becomes  blue  by  being 
heated  or  kept,  until  the  gas  is  expelled,  the  proper  color  of  the  salt  being  blue. 

II  A  hot  hammer  insures  such  effects;  but  from  experience  I  would  recommend 
the  omission,  of  this  class  of  experiments,  as  the  phosphorus  both  deflagrates  and  flies 
laterally  many  yards,  in  burning  jets,  dangerous  to  spectators  and  to  the  operator, 
unless  weU  proected. 
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(A.)  Pulverized  and  wrapped  in  iinfml^  there  is  no  effect j  if  ike  m- 
traie  is  dry^  but^  if  moistened  a  little,  as  with  a  camel's  hair  pencil, 
and  tlien  wrapped  again,  using  some  pressure,  it  acts  with  energy^ 
corroding  the  copper,  bursting  forth  in  fumes,  and  even  sometimes 
with  scintillations.     This  effect  is  due  to  the  nitric  acid.* 

(i.)  Bibulous  paper ^  saturated  taith  a  solution  of  this  nitrate,  be- 
comes ignited  while  drying,  although  still  wet,  and  at  a  distance  of  a 
yard  or  two  from  the  fire ;  as  it  burns,  the  ashes  are  covered  with  me- 
tallic copper. 

(j.)  Decomposed  by  alkalies  and  earths ;  the  precipitate  by  po- 
tassa  in  excess,  in  a  dilute  solution  of  the  salt,  is  a  beautiful  blue  hy- 
drate. The  re-solution,  by  ammonia,  is  exceedingly  beautiful ;  the 
precipitate  is  at  first  greenish  or  bluish  white,  but  on  the  addition  of 
a  little  more  ammonia,  the  oxide  is  re-dissolved  and  the  fluid  be- 
comes more  intensely  blue  than  before. 

(i.)  Composition. — Peroxide  of  copper  42.61 -[-acid  57.39  = 
100.  (H.)  In  crystals,  acid  2  equiv.  108  +  1  equiv.  of  peroxide, 
80-f-14equiv.  of  water,  126=314,  its  equivalent. — Thomson, 

(l.)  The  nitrate,  when  ignited,  gives  peroxide  of  copper,  the  acid 
being  expelled. 

{m.)  A  fresh  stick  of  phosphorus,  placed  in  a  solution  of  the  ni- 
trate, oecomes  covered  with  metallic  copper,  sometimes  in  crystalline 
grains. 

Svb-nitrate. — ^When  potassa,  less  than  will  saturate  the  acid,  is 
added  to  nitrate  of  copper,  or  when  it  is  distilled  m  a  retort,  the  salt 
becomes  first  blue,  and  then,  by  agitation,  green ;  it  is  insoluble  in 
water.  Sulphuric  acid  separates  the  nitric  acid.  Its  composition 
appears  to  be  very  nearly  1  equiv.  of  acid,  4  of  peroxide  and  8  of 
water,  (h.) 

Verditer. — The  hydrate  of  copper,  with  a  little  lime,  forms  the 
beautifid  blue  paint  used  in  making  ^figured  paper. — ^Tbere  are  two 
sorts ;  the  preferable  one  is  made  from  the  nitrate  of  copper,  formed 
by  the  refiners  in  die  process  of  parting  gold  and  silver ;  the  other 
from  blue  vitriol.  To  a  solution  of  nitrate  of  copper,  add  lime,  in 
powder,  with  agitation,  leaving  a  little  excess  of  the  nitrate ;  after 
subsidence,  decantation  and  washing,  the  green  precipitate  is  ground 
on  a  color  stone  with  about  4  or  5  per  cent,  of  quick  lime ;  it  instandy 
acquires  a  lively  blue  color ;  if  it  is  too  stiff,  water  may  be  added ;  if 

*  On  tiDfoil,  as  large  as  half  a  sheet  of  paper,  lay  a  heap  of  the  pulverized  nitrate, 
a  little  moistened,  and  over  it  a  few  filaments  of  tow,  then  doable  up  the  tinfoil 
around  it  on  all  sides,  twisting  it  as  tight  as  may  be  without  breaking ;  in  a  short  time 
It  will  grow  hot  and  the  other  effects  will  follow.  (Aikins.)  The  nitric  acid,  in  a 
concentrated  state,  Is  reluctant  to  act  on  metals,  and  this  effect  appears  to  depend  on 
the  agency  of  water,  for  even  the  concentrated  hot  solution  does  not  act  on  tinfoil, 
until  a  little  water  is  added.  (Murray.) 
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too  blue,  lime.  It  is  probable  that  the  above  is  an  approximation  to 
the  process  used  in  tiie  arts,  which  is  kept  a  secret.*  It  would  ap- 
pear that  the  blue  verditer,  when  precipitated  by  carbonate  of  lime, 
is  aUied,'  in  its  composition,  to  the  native  blue  carbonate  of  copper, 
which  is  peroxide  of  copper  67.6,  carbonic  acid  24.1,  water  5.9, 
moisture  and  impurities  2.4=  100,  (h.) 

4.  The  muriatic  add. — ^There  are  two  muriates  of  copper,  the 
proto-  and  the  per^muriate. 
1.  Per-^muriate, 

(a.)  The  muHaiic  add  does  not  attack  copper^  except  with  the  aid 
of  neat ^\  and  then  but  feebly. 

(6.)  The  solution  is  more  easily  effected  by  the  aid  of  heat;  some 
hydrogen  gas  escapes,  mixed  with  some  muriatic  acid  gas,  and  a 
portion  of  copper  is  dissolved.-  This  however  is  not  a  good  process; 
it  is  almost  impossible  to  obtain  a  good  solution  m  this  way. 

(c.)  The  peroxide^  espedcdly  if  hydrated^  is  easily  dissolved  in 
muriatic  acta;  color  of  the  solution  a  pure  grass  green,|  whereas 
the  nitrate^  and  sulphate  are  blue. 

(rf.)  By  evaporation^  affords  green  crystals^  rhomboidal  prismatic 
parallelopipeds,  or  needles  in  bundles. 

(e.)  Acrid  and  caustic;  both  water  and  alcohol  when  boiling, 
takes  up  their  own  weight ;  sp.  gr.  1.67 ;  very  soluble ;  deliquescent; 
not  decomposed  by  water ;  easily  melts,  and  by  a  very  strong  heat 
chlorine  is  expelled. 

(/.)  The  alkaline  bodies,  as  well  as  zinc,  iron,  and  other  easily 
oxidable  metals,  and  several  compound  salts,  afiect  it  in  the  same 
manner  as  the  sulphate  and  nitrate. 

(g.)  Composition.  Peroxide  40  +  acid  24  +  water  36 ;  corre- 
spondmg  very  nearly  vrith  1  equiv.  of  base,  2  of  acid  and  6  of  water, 
which  would  make  it  a  bi-per-muriate.  (h.) 

(A.)  Copperplates,  corroded  by  muriatic  add  vapor,  become  in^ 
crusted  by  a  green  coating  which  is  regarded  as  a  true  muriate,^ 
containg  1  equiv.  of  acid  and  one  of  peroxide ;  it  yields  the  latter  by 
alkalies  after  being  dissolved  in  muriatic  acid,  (h.) 


*  See  AikiiM*  Diet  and  Gray's  Op.  Chemist. 

t  It  may  be  kept  in  a  vessel  of  copper,  closed  and  full,  without  affecting  it,  but  if 
the  air  have  access,  the  copper  is  slowly  corroded,  and  especially  if  it  is  sprinkled 
with  muriatic  acid  and  exposed  to  the  air;  u  green  crust  then  forms,  which  is  easUy 
dissolved  in  muriatic  acid. 

t  Th6nard  says,  its  solution  id  bluish,  but  becomes  green  by  the  addition  of  muri- 
atic acid ;  that  if  the  acid  is  in  great  excess  and  very  strong,  it  Is  brown ;  if  diluted, 
green ;  if  the  acid  be  saturated,  blue. 

§  Except,  as  already  explained,  the  nitrate  is  at  first  green,  from  its  holding  nitric 
oxide  gas  in  solution. 

f  Muriate  of  copper  is  yellow  when  carefully  dried,  and  disappears  by  attracting 
water ;  it  may  therefore  be  used  as  a  sympathetic  ink,  (Black)  a  mixture  of  it  witS 
muriate  of  cobalt,  would,  probably,  form  a  very  beaatUiil  sympathetic  ink. 
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(*.)  The  muriate  of  copper,  if  decomposed  by  a  little  potassa  yields 
a  $ub*muriatej  which  falls  as  a  green  powder ;  if  the  alkali  predom- 
inate, the  hydrate  of  copper  is  obtained ;  it  is  a  sub-muriate  of  cop* 
per,  that  is  formed  by  sea  water  upon  the  sheathing  of  ships,  and 
the  galvanic  protectors  of  Sir  H.  Davy,  were  intended  to  guard 
against  this  occurrence. 

The  green  arenaceous  muriate  of  copper  of  Peru,  district  of  Ram- 
capa,*  is  supposed  to  be  nearly  a  sub-muriate.  It  is  composed  of 
peroxide  of  copper  73  +  muriate  16.2  +  water  10.8=:.100.  (H.) 

2.  ProtiMnuriate.f 

(a.)  Formed  by  placing,  in  a  closed  vial  of  muriatic  acid,  a  tritu- 
rated mixture  of  the  black  oxide  of  copper  57.5  parts,  and  50  parts 
of  copper potoder,  precipitated  by  iron  from  the  muriate  or  sulphate. 

(i.)  By  digesting  a  solution  of  per-muriate  of  copper  with  filings 
of  the  metal.  * 

Properties. 

(e.)  Solution  colorless;  btU  by  absorbing  oxygen  from  the  air  &e- 
comes  green;  decomposed  by  water,  giving  a  white  precipitate;  that 
with  alkalies  is  orange  colored. 

(d.)  Composition. — ^Protoxide  73.88  -f-  (copper  65.80  +  oxygen 
8.08)+ acid  26.12=100, 

5.  The  acetic  add  does  not  readily  act  on  -copper."^ 

With  the  aid  of  the  air,  the  metal  is  however  slowly  oxidized,  by 
this  acid,  and  then  combines  with  it.  This  is  the  source  of  the  ver- 
digris  (acetate,)  and  of  the  distilled  or  crystallized  verdigris  {binace- 
tote,)  of  commerce. 

Preparation  of  verdigris,  S^c;  Acetates  of  copper. 

The  refuse  grapes  and  husks  are  fermented  with  sour  wine,  and 
strata  of  this  mass  are  laid,  alternately,  with  plates  of  copper  of  6  by 
5  inches,  and  ^V  ^^  ^^  ^^^^  thick.  Being  left  a  sufficient  time,  they 
are  then  taken  out  and  placed  edgewise  in  a  cellar,  where  they  are 
sprinkled  with  sour  wine ;  the  verdigris  swells  up  and  is  afterwards 
scraped  off  and  put  into  sacks  of  leatlier  for  exportation.  The  cop- 
per plates  are  then  again  corroded  and  treated  in  the  same  manner, 
and  so  on.^ 


*  Where  it  is  used  for  sanding  paper.    Ann.  de  Ch.,  et  de  Ph.  V.  18,  p.  442. 

t  Formed  also  by  adding  recent  muriate  of  tin  to  the  per-muriate  ot  copper;  a 
white  muriate  is  precipitated,  which  by  the  addition  of  an  acid,  forms  a  colorless  so- 
lution ;  the  muriate  of  tin  attracts  one  equivalent  of  oxygen. 

t  Mentioned  here  on  account  of  the  important  salts  which  it  forms  with  copper ; 
this  acid  is  known  to  every  one  and  no  inconvenience  can  arise  from  the  anticipation. 

§  Instead  of  the  stalks  and  husks,  the  marc  or  cake  that  remains  in  the  wine  press 
is  often  employed ;  it  is  preserved  for  the  purpose  and  used  when  wanted  :  it  fer- 
ments and  produces  acid  enough  to  corrode  the  copper;  the  latter  is  previously  ham- 
mered to  prevent  the  scaling  of  metallic  copper  when  the  verdigris  is  detached;  the 
copper  plates  are  heated  and  stratified  with  the  marc  in  earthem  pots,  sixteen  inches 
high  and  fourteen  wide,  and  capable  of  containing  30  or  40  lbs.  of  copper  plate ;  and  if 
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Properties  of  verdigris ;  acetate  of  copper, 

(a.)  Pulverulent^  pale  grayish  green  or  6/ttC,  not  altered  by  the 
air,  insoluble  in  alcohol. 

(6.)  Verdigris  is  composed  essentially  of  minute  blue  crystals  of  a 
sUky  lustre  ;  3iey  are  partly  soluble  in  water  and  partly  insoluble  ;  the 
latter  portion  is  a  sub-acetate,  and  is  eventually  decomposed  by  cold 
water.  In  verdigris  the  combination  appears  to  be  of  1  equiv.  of  acid 
with  1  of  peroxide,  and  when  water  is  added  there  is  a  decomposi- 
tion ;  it  dissolves  66  pr.  ct.  of  binacetate,  and  the  remainder,  as  a 
sub-acetate,  falls  a  green  insoluble  powder. 

(c.)  This  precipitate  of  sub-acetate  is  decomposed  by  sulphuric 
acid,  which  expels  the  acetic  acid;  by  potassa,  wliich  precipitates  the 
oxide,  and  by  distillation,  which  subverts  the  composition  and  liberates 
the  acid.    The  continued  action  of  water  decomposes  this  salt  entirely. 

(d.)  Composition. — Protoxide,  1  equiv.  80+  acid  1  equiv.  50+ 
water  6  equiv.  64  =  184  its  equiv.;  per  cent,  acid,  28.38,  peroxide, 
43.25,  water,  28.45. 

(c.)  The  verdigris*  of  commerce  contains  then,  acetate  of  copper, 
but  affords  by  the  action  of  water,  a  soluble  binacetate  and  an  insol- 
uble sub-acetate. 

Crystallized  or  distilled  verdigris  ;  binacetate  of  copper. 

Preparation. 

(a.)  That  part  of  verdigris  which  is  dissolved  by  water  contains 
this  salt,  and  by  evaporation  affords  it  in  crystals. 

(6.)  By  dissolving  verdigris  in  vinegar  ;  or,  the  oxide  of  copper 
may  be  dissolved  in  distilledf  vinegar,  but  this  is  not  of  so  beautiful  a 
green  as  when  prepared  as  follows. 

(c.)  Fresh  moist  verdigris  is  usually  dissolved^  with  the  aid  of  a 
boiling  heat,  in  vinegar  distilled  from  sour  wine,  and  transferred  into 
a  copper  boiler  for  evaporation  and  crystallization.  J 


the  plfttei  are  new  they  are  rubbed  with  a  rag  dipped  in  yerdigiis  water  to  prevent 
the  product  from  being  black.  When  the  cake  becomes  white,  the  plates,  now  cor- 
erea  with  silky  crystals,  are  placed  upright  in  a  cellar  for  2  or  8  days,  then  dipped 
in  water,  then  drained  and  dipped  again,  and  so  on,  every  two  or  three  days,  for  six 
or  eight  weeks.  The  manufacture  is  a  family  business,  carried  on  by  the  women, 
on  the  wine  farms,  near  Montpellier  and  Grenoble  in  France. 

*  Verdigris  is  much  used  in  dyeing.  This  salt,  in  common  with  all  the  salts  of 
copper  is  extremely  poisonous,  and  therefore  copper  vessels  are  unfit  to  contain  vine- 
gar, pickles,  &c. ;  even  sweet  preserves  may  become  acid  and  corrode  tile  copper. 

t  whence  probably  the  name  crystals  of  distilled  verdigris. 

X  Stickf ,  split  in  four,  and  separated  at  one  end  but  united  at  the  base,  are  then 
placed  vertically  in  the  bath,  and  after  some  days,  are  covered  with  rhomboidal 
crystal^  of  a  blue  color,  often  very  large  and  beautiful.  The  distilled  verdigris  and 
sugar  of  lead  are  both  formed  by  the  action  of  vinegar ;  in  the  firat  case  upon  a  sub- ace- 
tate, in  the  second  upon  a  carbonate.  Verdigris  is  used  as  a  pigment  tor  coarse  pur- 
poses, principally  in  varnishes ;  in  Uiis  country  it  is  much  used  in  painting  window 
blinds,  but  it  does  not  stand  well  out  of  doors;  the  distilled  verdigris  is  used  for  similar 
purposes  and  has  a  finer  color.  Both  are  employed  to  aflbrd  the  strong  acetic  acid 
being  decomposed  by  sulphuric  acid,  or  even  by  heat  alone. 
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Properties  of  the  disiiUed  verdigris  or  Unacetate  of  capper, 

{a.)  CryiiaUizes  in  four  sided  truncated  pyramids  or  rhombic  octa- 
heara ;  coior  a  beautiful  bluish  green,  taste  sweetish  and  styptic. 

(6.)  Soluble  in  20  parts  of  water  at  60^,  in  5  at  212^;  soluble 
in  alcohol. 

(c.)  Bums  on  a  red  hot  iron  with  a  green  flame  j  and  noxious  fumes  ; 
imparts  the  same  color  to  other  combustible  fluids  holding  it  in  so- 
lution. 

(d.)  Effloresces  ; — gives  out  concentrated  acetic  acid*  by  distiUa- 
tion^  per  se,  but  better  with  the  aid  of  sulphuric  acid,  or  bi-sulphate 
of  potassa. 

\e.)  Calcined  by  itself,  with  access  of  air,  it  leaves  peroxide  of 
copper. 

(/*.)  Composition.^ — Acetic  acid  2  equiv.  100+peroxide  of  cop- 
per 1  equiv.  80+water  3  equiv.  27=207;  per  cent,  acid  50.11,  ox- 
ide of  copper  37.77,  water  12.12.  According  to  Berzelius  and  Dr. 
Ure,  there  are  but  2  equivalents  of  water.  Berzelius  has  indicated 
three  other  acetates  of  copper,  but  they  appear  not  to  be  particular- 
ly important.} 

6.  Carbonic  add  unites  with  the  oxides  of  copper^  although  it  does 
not  attack  the  metal. 

(a.)  The  green  crusty  formed  on  copper  by  air  and  moisture,  is  a 
carbonate^  and  not,  as  many  suppose,  verdigris.^ 

(&.)  Found  native^  both  blue  and  green,  in  very  great  beauty ;  the 
green  is  known  to  mineralogists  by  the  name  malachite ;  the  blue  is 
called  azure  or  blue  carbonate. 

(c.)  Formed  by  double  exchange^  between  carbonate  of  an  alkali 
and  a  solution  of  any  cupreous  salt,  as  of  the  sulphate  or  nitrate;  pre- 
cipitated yellowish  green  from  a  hot,  and  bluish  green  from  a  cold  so- 
lution. 

{d.)  Redissolved  in  any  acid  with  effervescence;  if  however  a  car- 
bonate of  copper  is  boiled  with  water  it  loses  so  much  carbonic  acid 
as  to  become  a  sub-carbonate,  dissolving  in  acids  with  very  little  ef- 
fervescence. || 

(c.)  Composition. — ^Peroxide  of  copper  1  equiv.  80  +  carbonic 
acid  1  equiv. 22+ water  1  equiv.  9=111 ;  percent.  71.7  oxide,  19.7 

*  The  acetic  acid,  thus  obtained,  is  fragrant,  but  b  usuallly  contaminated  towards 
the  beginning  with  copper  and  with  an  empyreumatic  odor;  the  middle  portions 
are  the  best  and  should  be  preserved ;  the  residuum  is  often  a  pyrophorus  and  is 
a  mixture  ol  copper  nearly  reduced,  and  charcoal. 

t  Philips,  Ann.  Ch.  et  Ph.  Vol.  21.  p.  214. 

t  Ann.  Philos.  N.  S,  Vol.  VHI.  p.  188  and  Ann.  de  Ch.  et  de  Ph.  Vol.  XXVI, 
p.  40. 

§  It  is  usual  to  call  all  green  incrustations  on  copper,  verdigris ;  usually  they  are  car- 
bonated oxide,  but  they  may  in  particular  cases  be  real  verdigris,  provided  acetic  acid 
or  any  thing  capable  of  producing  it  has  been  concerned. 

11  Gay-Lussac.  Ann.  de  Ch.  et  de  Ph.  XXX  VH,  335. 
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acidy  8.6  water.  This  appears  to  be  very  nearly  the  composition 
of  the  native  green  carbonate^  namely,  72.2  peroxide,  18.5  acid, 
and  9.3  water.  H. 

7.  Phosphoric  add. 

(a.)  Naiive  phosphate  of  copper  is  found  i*f  a  green  color ,  dis- 
sokiDg  m  acids  without  e&rFescence. 

(&.)  Formed  by  phosphoric  add  and  oxide  of  copper^hut  more 
easily  by  mingling  phosphate  of  soda  and  sulphate  or  nitrate  of  cop- 
per,* when  a  blue  phosphate  will  be  precipitated. 

(c.)  Its  compositum  is  1  equiv.  peroxide  80  +  ^  of  acid,  56+1 
of  water  9  =  145  its  equiv.;  it  is  a  bi-phosphate  while  the  native  is 
simply  a  phosphate  with  1  equiv.  of  acid  and  2  of  water,  (h.) 

8.  Ferro^prussic  add. 

(a.)  The  prussiates  give  a  beautiful  brown  predpUate  from  the 
cupreous  solutions.f 

(&.)  To  form  it,  the  muriate  of  copper,  dissolved  in  10  parts  of 
water,  is  decomposed  by  prussiate  of  lime ;  the  precipitate  is  washed 
and  <kied  without  heat. 

9.  (a.)  Arsenic  add,  unites  with  the  oxide  of  copper,  and  the  white 
oxide  of  arsenic  or  arsenious  add  form  with  it  a  pigment,  known  from 
its  discoverer,  by  the  name  of  Scheele^s  green. 

{b.)  Dissolve  24  parts  of  pearl  ashes  and  1 1  oz.  of  arsenic  in  hot 
water,  and  filter ;  then  add  a  watery  solution  of  24  parts  sulphate  of 
copper,  by  little  and  little,  usmg  constant  agitation,  with  a  glass  rod. 
Alter  subsidence,  decantation,  edulcoration  and  drying,  18^  oz.  of 
the  green  pigment  will  be  obtained.]: 

VII.  CHL0BiWE.^-2%ere  are  two  chlorides  of  copper,  and  both 
are  formed  when  metallic  copper,  in  filings  or  leaf,  is  burned  in 
warm  chlorine  gas. 

1.  ProtoHihloride. 

(a.)  Two  substances,  (chlorides,)  are  formed;  one  like  common 
rosin,  and  which  Boyle  (1666)  called  the  rosin  of  copper.  (H.) 
One  end  of  a  spiral  of  large  copper  wire  is  fixed  in  a  stopper  and 
the  other,  after  being  heated,  is  plunged  into  a  vessel  of  chbriae 
gas;  the  copper  becomes  inflamed  and  produces  a  chloride,  in 
die  form  of  thick  revolving  clouds,  marked,  here  and  thei*e,  by  brill- 
iant sparjcs.  It  is  obvious  that  the  chloride  may  be  prepared  by 
passing  dry  chlorine  gas  over  copper  wire,  contained  in  a  heated 
glass  tube.^  , 

*  A  solution  containing  176  parts  phosphate  of  soda  and  50  of  potash,  should  be 
mingled  with  one  containing  250  bisulphate  of  copper. — a.  a.  h. 

f  Air.  Hatchett  recomntended  it  as  a  paint.  It  is  found  to  stand  very  weU  in  both 
oil  and  water  and  to  be  more  beautiful  than  any  brown  pigment  known. 

t  Mentioned  as  a  test  of  arsenic,  p.  193. 

§  Th6nard.  dth  ed.  Vol.  Ill,  p.  371. 

Vol.  II.  37 
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(&.)  By  heating  the  protiMnuriate^  (to  redness,*)  io  a  retort,  or 
by  carefuUy  evaporatiDg  and  fusing  it.  (H.) 

(c.)  By  distilling  a  mixture  of  equal  parts  of  carroeive  sublimate 
ana  copper  JUings ;  the  chloride  remains  in  the  retort. 

(d.)  InsolubUin  water^  soluble  in  muriatic  acid ;  color  dark  brown, 
but  becomes  green  in  the  air,  and  by  slow  cooling  becomes  yellow 
and  semi-transparent. 

(«.)  Composition. — Copper  64  + chlorine  36=tl00,  beuig  one 
equivalent  of  each,  and  the  composition  of  the  chloride  and  of  the 
oxide  gives  the  same  number  for  the  equivalent  of  copper. 

2.  Per^eUoride. 

!a.)  Formed  by  evaporating  the  ver-muriate,  at  a  heat  below  800^. 
&.)  Color  yeUovnsh  or  greenish;  in  water  afibrds  a  green  solu- 
tion, which  is,  in  all  respects,  the  per-muriate. 

(c.)  Heated  in  a  tube,  with  a  small  orifice,  chlorine  is  expelled  and 
proto-cbloride  remains.f 

(d.)  Composition.^Per  cent.  47  copper,  chlorine  53;  it  is  sup- 
posed to  consist  of  2  equiv.  of  chlorine  and  1  of  copper,  which  ought 
to  give  for  the  chlorine  72  and  copper  64=136;  whereas  analysis 
has  given  the  chlorine  at  67. 

(e.)  Chlorate  of  copper  was  formed  by  dissolving  copper  in  chlo- 
ric acid ;  it  was  bluish  green,  deliquescent  and  difficult  to  crystal- 
lize. (H.) 

VIU.  (a.)  Alkalies,  if  caustic,  favor  the  oxidation  of  copper, 
and  as  before  stated,  they  decompose  the  cupreous  solutions. 

(6.)  The  action  of  ammonia  on  the  precipitated  hydrate,  in  re- 
dissolvmg  it,  has  been  already  mentioned,  but  its  action  on  metallic 
copper  is  very  peculiar.  Copper  filings,  in  contact  with  caustic  am- 
monia and  air,  especially  with  agitation,  as  in  pouring  from  one  glass 
into  another,  will  soon  give  a  beautiful  blue  soluUon.|  If  the  filings  and 
ammonia  entirely  fill  a  closed  bottle,  there  will  be  no  change,  and  if  the 
blue  color  has  begun  to  appear,  it  will,  if  shut  from  the  air,  by  and  by, 
disappear ;  by  renewed  contact  with  the  air,  the  color  will  re-appear,  and 
so  on.  After  it  has  appeared,  the  addition  of  copper  filings  will  dis- 
charge the  color.  These  appearances  are  explained  by  the  joint  ac- 
tion of  air  and  the  alkali ;  by  the  action  of  the  entire  fluid  in  produ- 
cing dilution,  and  by  the  abstraction  of  oxygen  by  fresh  copper  filings. 

(c.)  Ammoniuret  of  copper. ^^^  medical  preparation,  which  bears 
this  name,  is  made  by  rubbing  in  a  glass  mortar,  sulphate  of  copper  1 
part +3  concrete  carbonate  of  ammonia;  they  effervesce,  become 
nearly  liquid,  and  form  a  blue  mass.^ 

•  Th6nard.  t  Webster. 

X  Articles  of  jewelry,  composed  of  copper  ud  gold,  are  cleaned  by  boiling  tbem 
in  ammonia  water. — a.  a.  h. 

§  Employed  in  medicine  as  an  anti-npasmodic,  in  epilepsy,  &c.  It  is  a  compound 
of  sulphate  of  ammonia  and  oxide  of  coppi^r,  combined  wilh  ammonia. 
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IX.  (a.)  Earths  unite^  byfunfm^  with  the  oxide  of  copper ^  espe* 
ciaUy  wnen  aided  by  a  fixed  alkali.  ^ 

(i.)  In  colonng  pottery  and  glaasy  h\\xesov  greens  are  generally 
produced  by  oxide  of  copper,  and  if  the  oxide  in  glass  is  partially  re- 
duced the  color  is  opake  red.* 

X.  The  salts  have  little  action  on  copper. 

1.  Alum  dissolves  a  portion. 

2.  Nitre^  at  ignition,  is  somedmes  used  to  oxidate  copper  for  the 
preparation  of  enamels ;  the  oxide,  thus  prepared,  fuses  readily  into  a 
brown  glass.f 

3.  Muriate  of  ammonia^  heated  with  copper  filings,  evolves  hydro^ 
^en,  and  the  gas  ammonia  and  some  of  the  copper  or  its  oxide  rise 
in  sublimation.^ 

4.  The  chlorate  of  potassa  bums  copper  by  the  contact  of  an  ig- 
nited body. 

XI.  Allots. — The  alloys  of  copper  are  more  numerous^  and  mare 
important  than  those  of  any  other  metal ;  of  many  of  them,  the  com- 
position is  known,  but  there  are  various  practical  facts  not  always 
known  to  men  of  science,  upon  which  their  perfection  and  beauty  may 
depend.^ 

1.  Molybdenum  with  copper,  produces  a  fusible  compound  of  a 
metaUic  aspect. 

2.  Manganese  unites  with  copper;  the  aUoy  is  malleable ;  its  col- 
or is  red,  but  it  becomes  green  by  age. 

3.  Arsenic  has  a  strong  affinity  for  copper,  but  its  volatility  creates 
some  difficulty  in  pracdce,  as  they  must  be  united  by  fusion. 

(a.)  They  are  placed  in  a  weU  closed  crucible,  and  covered  by  salt 
to  prevent  oxidation. 

(i.)  Through  the  melted  copper,  the  arsenic,  either  the  metal  or 
the  white  arsenic,  with  or  without  charcoal  and  pearl  ashes,  contain- 
ed in  a  paper  or  in  an  inverted  crucible,  is  thrust  quite  to  the  bottom.  || 


*  The  beautiful  {greens  that  are  seen  in  the  figures  and  foliage  on  Uie  glazings  of 
pottery  are  generally  done  with  copper.  (Bl.  if.  642.)  But  oxide  of  chrome  produ- 
ces a  richer  green.  t  Four.  YI,  S95. 

t  Ens  veneris  is  muriate  of  ammonia  with  about  1-60  of  green  oxide  of  copper. 

Celestial  water  u  made  by  lime  water,  standing  10  or  12  hours  in  a  copper  basin 
with  2  parts  of  muriate  of  ammonia,  or  by  the  same  mixture  with  a  few  copper  fil- 
ings, will  produce  the  color  in  a  glass  vessel.    Fourcroy. 

§  The  principal  object  is  to  obtain  compounds  that  will  not  tarnish ;  that  will  not 
poison  food ;  that  will  be  more  fusible  and  harder  than  copper;  that  will  polish  well, 
and  that  have  colors  resembling  gold  or  silver,  all  of  whicn  are  attained  by  different 
alloys  of  copper.    Aikin's  Diet. 

II  Most  or  the  arsenic  escapes  in  white  fumes,  but  by  repeating  the  operation  the 
copper  is  saturated ;  perhaps  the  following  processes  are  better :  white  arsenic  with 
oil,  pearlash  and  charcoal  powder  is  stratified  with  granulated  copper  in  a  covered 
crucible ;  or  the  latter  with  arsenical  salt,  calcined  borax,  charcoal  dust  and  powder- 
ed glass;  a  gentle  heat  is  applied  at  first,  and  then  the  melting  heat  of  copper;  or 
10  parts  of  copper  shreds  with  1  of  metallic  arsenic,  are  melted  in  a  covered  cruel- 
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{c,\  A  white  close  grained,  brittle  metal  is  obtained ;  the  arsenic 
is  easily  expelled  by  heat,  and  the  copper  becomes  again  malleable,  but 
retains  a  little  yeUowness ;  this  alloy,  called  tombac*  is  manufactur- 
ed chiefly  by  the  French.f 

4.  (a.)  Antimony  easUy  unites  with  copper  by  fusion. 

(i.)  With  equal  parts,  the  color  is  a  beautiful  violet,  a  solitary  case 
among  metals ;  texture  lamellar,  takes  a  fine  polish,  sp.  gr.  above  the 
mean.l 

5.  bismuth  fused  with  copper,  in  equal  proportions  gtW  an  aUoy 
of  a  pale  red  or  reddish  white  color,  its  sp.  gr.  is  exactly  the  mean 
of  the  two. 

6.  Ztiic,  fty /imoii,  unties  readily  wiA  copper  and  forms  brass  and 
several  other  important  compounds. 

Brass. 

(a.)  Formedy  directly,  by  melting  2  parts  of  copper  and  1  of  me- 
tallic zinc,  or  4  of  copper  with  1  of  zinc.  The  copper,  requirmg  an 
intense  heat  for  fusion,  is  melted  first  and  the  zinc  is  added,  the  sur^ 
face  being  covered  with  charcoal ;  much  of  the  latter  is  burned  with 
a  brilliant  white  and  blue  flame,  and  the  premises  are  filled  with  float- 
ing oxide  of  zinc,  resembling  tufts  of  carded  cotton.^ 

(i.)  More  economically;  copper  2  parts,  divided  into  globules  by 
pouring  it  when  melted,  through  an  iron  cullender  into  water,  ||  3  of 
roasted  and  pulverised  calamine^  with  twice  the  vcJume  of  charcoal 
powder ;  they  are  ignited  from  eight  to  twelve  hours.  The  ztnc^  re- 
duced by  the  carbon,  would  be  vapmzed  and  lost,  but  affinity  unites 
it  to  the  copper^  to  form  brass;  the  results  of  several  processes  are- 
melted  together  and  poured  out  upon  large  tables  of  granite  furnished 
with  a  rim  or  border,  and  having  a  folding  leaf  also  of  granite,  open- 


ble.  Mid  la  til  ca9C8  the  alloy  must  be  poured  out  as  soon  as  melted,  or  the  arsenic 
will  exhale. — Gray. 

*  Tombac  is  sometimes  only  brass  and  tin,  or  brass  and  arsenic. 

f  To  equal  parts  of  arsenic  and  copper,  1-16  of  silver  is  sometimes  added,  as  also 
tin,  zinc  or  bismuth,  and  other  metals,  for  utensils  and  trinkets. 

X  Old  name  Regvku  qf  Venus. 

%  This  is  the  usual  me&od  of  making  brass  in  the  United  States ;  the  crucibles  are 
the  black  lead  melting  pots,  and  they  are  heated  in  a  wind  furnace ;  in  Europe  cal- 
amine and  charcoal  are  sometimes  added  to  copper  and  zinc ;  proportions,  copper 
shot  64,  divided  zinc  27,  calamine  10  and  1  bushel  of  ground  charcoal. 

II  Throwing  in  but  little,  at  a  time,  on  account  of  the  dangerous  explosions  produced 
with  ¥rater  by  this  metal. 

r  Powdered  calamine  and  charcoal,  equal  weights,  mixed  with  clay,  are  rammed 
into  a  crucible,  and  two  thirds  as  much  copper  as  calamine  are  placed  on  the  top  and 
covered  with  charcoal ;  the  zinc,  from  its  volalility,  leaves  the  foreign  metals  below 
finds  the  copper  above,  and  forms  brass  which  subsides  and  rests  upon  the  clay. 
— CV-omer,  quoted  by  Ure,  (Diet.p,  8e».) 

It  appears  that  blende  (sulphuret  of  zinc,)  can  be  substituted  for  calamine  (oxide 
or  carbonate)  in  forming  brass ;  roastinsr  expels  only  a  part  of  the  sulphur,  and  prob- 
ably the  carbon  flies  away  with  the  restlnthe  form  of  carburet  of  sulphur.—T^etiartf. 
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ing  by  hinges,  in  the  manner  of  the  common  card  tables ;  it  is  thus 
formed  into  plates.^ 

(c.)  Brass  has  nearly  the  eohr  and  beauty  of  gold ;  itismaHea" 
bU  being  easily  beaten  into  leaves  called  Dutch  metal ;  they  are 
y^^^^  of  an  inch  thick,  about  five  times  as  thick  as  gold  leaf,  and 
they  afiford  a  cheap  substitute  for  gilding,  but  are  liable  to  tarnish ; 
ductUej  being  drawn  into  wire,  and  it  is  worked  with  great  facility  in 
the  lathe  ;f  sp.  gr.  from  7.82  to  8.44 ;  about  tV  greater  than  the 
mean  of  the  two  metals ;  not  so  good  a  conductor  of  heat  as  copper: 
brass  is  brittle  when  hot ;  when  strongly  heated,  it  loses  its  zinc,  which 
bums  at  the  surface.    There  are  many  varieties  of  this  alloy. 

(rf.)  Pinchbeck — ^Prince's  or  Prince  Rupert's  metal  contains  3 
or  4  parts  of  copper  to  1  of  zinc,  (BL 11.  646,)  and  some  manufac- 
turers add  much  more  copper,  even  as  much  as  11  or  12  parts  to  1 
of  zinc,  when  the  color  is  almost  that  of  gold;  it  is  then  often  called 
tombac.  The  pinchbeck  is  used  principaUy  for  trinkets  and  toys,  in- 
tended to  resemble  gold. 

(e.)  The  Bath  meial^  or  similor,  is  composed  of  equal  parts  of 
zinc  and  copper,|  9  zinc  to  32  brass,  (Gray.)  A  compound  of  5 
parts  of  2dnc  to  8  of  brass,  forms  a  pale  almost  white  metal  called 
plaUna,  and  much  used  for  makbg  buttons  at  Birmingham.^ 

7.  Tin  easily  unites  to  copper;  the  latter  becomes  more  fusible, 
less  liable  to  corrosion,  harder,  denser  and  more  sonorous;  a  lit* 
tie  tin  makes  copper  very  brittle,  while  the  two  metals  are  remarka- 
bly malleable  and  soft. 

*  My  own  observations  (1S05,)  at  a  manufactory  at  Bristol,  England ;  the  plates 
thus  formed  are  rolled  out  and  drawn  into  wire  to  be  used  chiefly  in  the  manufac- 
ture of  pins,  which  are  brass  wire  covered  with  tin.  The  Dutch  brass  is  made  in 
a  similar  way.    It  is  composed  of  copper,  4  parts,  and  zinc,  1. 

f  Some  kinds  of  brass  worlc  best  under  the  hammer,  some  with  the  lathe.  Mr. 
Chaudet  (Ann.  de  Ch.  et  de  Ph.  Vol.  V.  p.  321,)  found,  on  analysis,  that  the  latter 
contained  lead :  the  proportions  of  the  constituents,  in  two  specimens  were,  in  one 
copper,  61.69}  zinc,  35.30;  lead,  2.86;  tin,  .25;  and  in  tne  other  copper,  66.80; 
zinc,  81.80  ;  lead,  2.15;  tin,  .25.  A  specimen  of  the  former  gave  copper,  70.10  ; 
zinc,  20.90  ;  tin,  a  trace ;  and  on  adding  the  lead  to  the  latter,  it  became  capable  of 
working  well  in  the  lathe.  The  alloy  of  zinc  and  lead  should  be  formed  firsts  and 
that  with  the  copper  last. 

t  It  has  a  rich  yellow  color  and  is  very  soft  and  malleable ;  if  a  little  iron  or  steel 
'w  added,  the  mixture  proves  as  malleable  when  heated  as  iron,  whereas  brass,  when 
heated,  is  brittle;  when  cold  it  is  as  strong  as  iron. 

§  The  manufacture  of  brass  has  been  practised  from  remote  ages.  The  ancients 
denoted  brass  by  the  name  orichalcwn  ;  their  <B3  and  Xo^xo;  were  copper  or  rather 
bronze;  Dr.  Watson,  Manch.  Trans.  Vol.  II.  p.  47.  <*  The  ancients  in  a  degree,  con- 
founded copper,  brass,  and  bronze.  Brass  was,  in  their  view,  only  a  more  valuable 
kind  of  copper,  and  they  often  used  the  word  <S8  to  denote  eiUier.  Tbom.  Vol.  I.  p. 
203,  note.  Brass  is  made  into  many  ornamental  and  useful  forms,  and  science  is 
much  indebted  to  this  alloy  for  elegant  and  accurate  Instruments.  Solder  for  brass 
is  made  by  adding  from  1  oz.  to  6  ounces  of  heated  zinc  to  a  pound  of  melted  brass. 
A  softer  solder  b  made  by  1  part  of  tin  to  6  of  melted  brass,  and  then  1  part  of  heat- 
ed zinc ;  the  solder  is  stirred  and  granulated  by  passing  it  through  a  birch  broom  into 
water ;  hard  solder  for  copper,  8  brass  and  1  zmc ;  a  softer,  from  8  to  16  lbs.  copper, 
to  1  of  zinc ;  still  softer,  2  lbs.  tin  and  1  of  lead.  (Gray.)  The  white  copper  of  the 
Chinese  is  composed  of  40.4  copper  25.4  zinc,  31.6  nickel,  and  2.1  iron— F^e. 
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The  alloys  wiih  tin  are  of  great  importance ;   they  are 

Bell  metal — cannon  metal — ^bronze — ^metal  for  mirbobs 
and  a  coating  for  the  interior  of  copper  vessels. 

Sp.  gr.  greater  than  the  mean — ^it  is  at  the  maximum  with  100 
copper  to  16  tin,  being  then  8.87;  sp.  gr.  of  equal  parts  is  8.79,  but 
it  ought  by  calculation  to  be  8.* 

(a.)  Bell  metal  is  usually  composed  of  copper  3  and  tin  1  (which 
gives  the  most  sonorous  composition  that  has  sufficient  strength,)  or 
copper  78  and  tin  22 ;  the  tin  is  usually  from  jV  to  ^  ;  brass  and  zinc 
are  added  in  some  instances,  also  antimony  and  a  little  silver  in  some 
of  the  finer  bells ;  the  popular  impression  is  that  silver  improves 
the  sound.f  Bell  metal  is  of  a  whitish  gray  color,  sp.  gr.  j;  greater 
than  the  mean,  grain  hard  and  dose,  and  difficult  to  be  touched  by 
the  file,  it  is  very  elastic  and  sonorous,  britde  if  cooled  slowly,  if  sud- 
denly, malleable  to  a  degree.^ 

(6.)  Metal  of  the  Gong;  tnis  instrument  of  music,  called  also  tam- 
tam, has,  in  modern  times,  been  brought  from  China  ;||  it  is  a  broad 
flat  disk  slightly  turned  up  at  the  border  and  bears  marks  of  having  been 
beaten  by  the  hammer  ;ir  when  struck,  it  roars  rather  than  rings,  and 
with  such  rapid  vibrations,  as  almost  to  overpower  the  ear,  but  the 
sounds,  although  diminishing,  continue  a  long  time.  Its  composition 
is  80  copper,  20  tin. — Thenard,  That  of  ancient  trumpet  metal  which 
had  been  hammered,  was  1  part  tin,  to  7^  copper. — Pearson, 

(c.)  Bronze  for  Statues — metal  for  cannon,  (commonly  called 
brass  cannon,)  and  (anciently)  cutting  instruments,  as  sword  blades, 
spear  heads,  &tc,  differ  from  bell  metal,  only  in  having  a  smaller  pro- 
portion  of  tin.     They  contain,  in  general  from  |  to  yV  of  tin. 

This  alloy  is  brittle,  yellow,  heavier  than  copper  much  more  tena- 
ceous  and  less  liable  to  alteration  from  the  air.** — TTi,  L  176. 

*  The  fusion  of  the  two  metals  must  be  long  continued,  with  constant  stirring, 
otherwise  the  tin  rises  and  the  copper  sinks,  and  a  very  unequal  mixture  takes  place. 
(Th.  L  175.)  t  Some  have  held  the  contrary  opinion. 

t  Composition  of  English  bells — copper  SO;  tin  10.1;  zinc  5.6;  lead  4.3.  Thorn. 
Clock  bells  contain  a  little  more  tin  tlian  common  bells. 

§  Most  of  the  tin  may  be  separated  by  pouring  water  upon  the  alloy  in  fusion, 
the  tin  is  oxidated  by  the  water,  and  forms  a  slag  on  the  surface.  (For  other  modes 
sec  Four.  VI.  360.) 

II  Similar  instruments  are  known  in  Turkey.  A  large  and  fine  gong  is  in  posses- 
sion of  Mr.  D.  Wadsworth,  of  Hartford,  Conn. 

H  Mr.  d'Arcet  discovered  that  tilthough  the  alloys  of  copper  and  tin  are  more  or 
lessbritUc  when  cooled  slowly,  after  beiner  ignited,  they  become  malleable  if  plung- 
ed when  red  hot,  into  cold  water.  It  follows  therefore  that  the  gong  is  first  cast, 
then  hammered  into  the  desired  form  and  then  heated  again  to  the  necesary  decree 
and  cooled  slowly  to  impart  the  temper  proper  for  the  desired  sound.  It  is  carious 
that  while  Neither  tin  nor  copper  can  be  tempered  by  any  treatment,  the  alloy  pos- 
sesses this  property,  but  it  is  unlike  the  only  other  metal  that  can  be  tempered,  namely, 
steel,  for  this  is  rendered  brittle  and  hard  by  bdng  ignited  and  plunged  into  cold  water. 

**  The  cannon  metal  at  Woolwich,  England  is  composed  of  100  copper  and  8  to  12 
of  tia,  and  is  slightly  malleable ;  fuch  cannon  are  less  liable  to  rust  than  those  of 
iron,  and  from  their  elasticity,  they  give  a  much  sharper  report,  and  are  more 
prone  to  deafen  the  artillery  men.    They  are  more  liable  to  heat  and  burnout  at  tiie 
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{d.)  Speculum  metaly  is  composed  of  2  or  3  parts  of  tin*  to  1 
of  copper;  a  little  arsenic,  brass  and  silver  are  occasionally  added ; 
also  antimony  and  bismuth,  but  the  essential  things  are  tin,  and  cop- 
per.f  It  is  a  stiffs  kard^  steel-gray  compound — ^Utde  alterable  by  the 
air  and  susceptible  of  a  fine  polish.| 

(e.)  Copper  vessels  are  tinned  to  render  them  safe  for  domestic  use,^ 
The  metal  is  scraped  clean,  heated  and  rubbed  with  muriate  of 
ammonia,  and  pitch  or  resin — ^a  piece  of  tin  is  then  applied  by  a 
folded  cloth  all  over  the  inside,  and  the  copper,  which  is  kept  hot 
enough  to  melt  the  tin,  assumes  a  silvery  whiteness.  || 

8.  Lead  alloys  very  readily  with  copper;  with  the  lead  in  excess, 
the  alloy  b  grey,  when  cold  tolerably  ductile,  but  brittle  when  hot,  be- 
cause the  lead  melts  and  runs  out,  leaving  the  copper  porous ;  silver  is 
in  this  manner  extracted  from  copper  ores,  by  the  process  of  eliqua- 
don.  An  alloy  of  100  lead  to  20  or  25  of  copper,  is  used  for  large  prin- 
ter's types.  Roman  pot  metal  was  composed  of  100  copper,  2  lead, 
and  2  un,  many  ancient  Grecian  and  Sicilian  coins  had  a  similar  com- 
position. 

XIL  Natural  histort. — Copper  is  found  native;  as  an  oxide; 
a  sulphureij  pure  and  mixed,  and  in  the  saline  condition.  The  ores 
of  copper  are  fine  subjects  of  mineralogical  description,  which 
would  be  inappropriate  to  the  nature  of  this  work. 

1.  7^  native  copperl^  needs  only  to  be  melted^  and  the  oxides  and 
the  carbonatesy  are  reduced  with  great  ease^  nothing  more  being  ne- 
cessary than  to  heat  them  with  charcoal  in  a  furnace. 

touch  bole ;  there  is  in  the  tower  of  London  a  mortar  of  the  larfi^est  size,  which  was 
spoiled  in  this  way,  at  the  siej^e  of  Namur.  Bronze  metal  for  statues,  varies  in  the 
proportion  of  the  metals.  Pliny  mentions  copper  15  and  I  part  of  an  alloy  of  equal 
parts  of  lead  and  tin ;  instead  of  the  lead,  modem  founders  add  brass.  The  ancient 
cutting  instruments  contained  f^enerally  about  1-9  or  1-10  of  tin,  sometimes,  1-6; 
they  had  sufficient  strength,  and  could  be  brought  to  a  good  edge  and  were  the  best 
possible  substitute  for  iron.  Ancient  culinary  utensils  had  a  similar  composition. 
The  copper  coins  or  medals  of  the  ancients  were  rather  bronze  than  copper ;  the 
finest  medals  contain  from  8  to  12  per  cent  of  tin. 

*  Sometimes  nearly  half  is  tin. 

t  An  ancient  mirror  contained  copper  62,  tin  82,  and  lead  8,  the  latter  probably 
from  impurity  in  the  tin.  (Klaproth.)  Sir  Isaac  Newton's  specula  were  composed 
of  6  copper,  2  tin,  and  1  arsenic. 

X  Tutenag  is  a  hard,  tough  and  ductile  white  alloy  of  copper,  zinc  and  iron,  when 
polished,  resembling  silver  in  color  and  lustre.  The  Cbinese  Petong  (or  packfong  ?) 
is  another  white  fine  malleable  alloy  whose  composition  is  not  exactly  known,  except 
that  it  contains  some  silver. 

§  The  protection  is  important  but  not  perfect;  the  tin  should  contain  no  lead,  and 
fi)od  and  especially  acids  should  never  be  suffered  to  stand  in  such  vessels. 

II  The  film  of  tin  which  adheres  to  the  copper  is  extremely  thin.  Bayen  found 
that  a  Biew-pan  9  inches  in  diameter,  and  3  inches  8  lines  in  depth,  acquired,  by  the 
process  of  tinning,  only  21  grains  in  weight.  The  coating  cannot  be^made  thicker, 
for,  if  more  tin  be  applied,  it  will  not  adhere,  but  will  run  down  to  the  bottom  of  the 
▼estel.  It  is  said  that  the  French  now  use  a  compound  of  8  parts  of  tin,  with  1  of 
iron  turnings,  or  nails,  melted  in  a  crucible  under  salt  or  pounded  glass. 

H  Beautuiil  native  copper  has  been  found  near  New  Haven,  Conn.  Am.  Jour.  Vol. 
I .  p.  ft5 ;  near  Lake  Superior,  and  in  many  places  in  that  region.— /ri.  Vol.  III.  p.  201. 
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2.  The  9ulphurets  are  by  far  the  most  important  artSy  because 
they  are  the  most  abundant ;  the  gray  ores  are  essentially  sult>hurets 
of  copper,  but  the  yellow*  copper  ores  are  sulphurets  of  copper 
and  iron. 

XIIL  Extraction. — The  extraction  cfthe  copper  from  the  suJphu- 
ret$  is  a  tedious  and  troublesome  process,  involving  many  details,  for 
an  account  of  which  there  is  not  room  in  this  work.f  in  general,  it 
may  be  said,  that  as  much  of  the  sulphur  as  possible  is  expelled  by  nu- 
merous roastings,  with  moderate  fire,  and  the  ore  is  afterwards  melted, 
in  contact  with  flame  or  burning  fuel,  to  extract  its  oxygen.  If  silver 
is  suq)ected  to  be  present,  3  parts  of  lead  are  added  to  1  of  copper, 
and  melted  with  it  into  cakes,  which  are  placed  on  bars  in  the  upper 
part  of  the  furnace,  inclined  to  each  other  so  as  to  make  a  sort  of 
groove,  where  they  meet  and  are  gradually  heated ;  the  lead  melts 
long  before  the  copper  and  takes  along  widi  it  the  silver,  and  if  it  be 
rich  in  silver  this  is  afterwards  extracted  from  it  by  cupeSation.  The 
coraer  is  left  in  the  form  of  a  spongy  mass ;  it  is  again  melted ;  its 
surface  is  made  to  congeal  by  throwing  hot  water  upon  it  with  a 
broom ;  the  congealed  cake  is  lifted  off,  and  is  called  roseate  or  rose 
copper,  or  it  is  run  into  plates  and  slabs. 

The  poorest  sulphureous  ores  are  converted  into  sulphate  of  cop- 
per, by  burning,  moistening  and  suffering  them  to  undei^  sulphati- 
zation,  (sometimes  this  happens  spontaneously ;)  the  salt  is  then  ex- 
tracted by  lixiviation  and  crystallized.  Or,  pieces  of  iron  are  mtro- 
duced  into  the  solution,  or  into  that  which  runs  from  the  mines,  and 
the  copper  is  thus  precipitated ;  it  is  called  copper  of  cementation 
and  is  collected  and  melted  into  masses. 

XIV.  Miscellaneous. — ^It  is  scarcely  necessary  to  expatiate  on 
the  utility  of  a  metal  which,  in  importance,  is  next  after  iron ;  to 
the  ancients  it  was  as  indispensable  as  iron  to  the  modems.  Copper, 
being  poisonous,  must  be  excluded  from  food.  \(  copper  vessels  are 
dean  and  bright,  hastily  used,  kept  full  and  covered  while  in  use, 
and  emptied  immediately  after,  it  is  found  by  the  experience  of  con- 
fectioners, and  of  families  in  preparing  preserves,  &c.  that  they  do 
not  impart  any  noxious  qualities."^    But  if  aliments  be  su&red  to 


*  The  yellow  ores  are  the  great  object  of  research  in  Cornwall,  £Ingland,  where, 
among  the  vast  piles  that  were  lying  by  the  mines,  I  scarcely  saw  any  of  the  gray. 
The  yellow  and  gray  sulphurets  are  found  in  this  country,  in  New  Jersey,  in  Con- 
necticut, &c. 

i  See  Black's  Lectures,  II.  649,  Fourcroy,  VI.  834,  Aikins'  Diet  Vol.  I,  p.  324, 
Th6nard*s  Chem.  5th  ed.  Vol.  Ill,  p.  529,  and  Gray's  Op.  Chem.  p.  635. 

t  Metallic  copper  docs  not  appear  to  act  on  the  system,  except  mechanically ; 
copper  filings  were  formerly  given,  in  drachm  doses,  ibr  rheumatism,  and  copper  has 
remained  ior  years  in  the  adimeutary  canal,  without  fatal  consequences. — Coxe*s 
Dispensatory,  287. 
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sutod  in  them,  in  the  air,  the  metal  is  oxidized,  and  a  pordoo  of  it  is 
dissolved.  The  aromatic  and  unctuous  oils  easily  dissolve  oxide  of 
copper  and  acquire  a  green  tinge,  and  unctuous  oils  are  frequendy 
present  in  our  aliments.  They  act  much  more  rapidly  if  rancid, 
lor  their  rancidi^  is  owmg  to  the  absorption  of  oxygen  and  this  aids 
the  oxidation  of  the  copper.  In  the  taUow  of  common  candles,  a 
little  verdigris  is  added  to  improve  the  color,  and  the  fine  green 
of  pickles,  sweetmeats,  &c.  is  sometimes  said  to  be  owing  to  tlie 
same  cause.  The  tests  for  the  discovery  of  copper  have  been  al- 
ready pointed  out,  and  perhaps  precipitation  by  clean  iron  and  the 
blue  color  by  ammonia  are  the  best.  Sugar  has  been  found  to  be  a 
paiDefftd  antidote  to  copper.  Hence  syrup  should  be  swallowed  co- 
piously, if  verdigris  or  any  other  preparation  of  copper  has  been  too 
freely  taken.*  It  is  not  known  in  what  manner  sugar  acts ;  probably, 
however,  by  neutralizing  the  copper,  for  a  solution  of  1  oz.  of  white 
sugar  and  10  grs.  of  verdigris  in  ]  oz.  of  water,  although  of  a  green 
color,  was  not  affected  by  prussiate  of  potassa,  ammonia  or  the 
hydro-sulphurets. 

XV.  Polarity. — Electro-positive;  appears  b  beautiful  red  fila- 
ments and  scales  upon  the  negative  vrire  of  the  galvanic  series,  when 
immersed  in  a  cupreous  solution,  the  battery  being  in  activity. 

Sec.  XXXn.  NicKEL.f 

I.  History. — ^Announced  by  Cronstedt  from  1751  to  1754,  as 
existing  in  kupfemickel,  (false  copper)  which  is  arsenical  nickel, 
mixed  with  sulphuretted  cobalt;  and  iron,  and  was  supposed  by  most 
chemists  to  be  an  allo^  of  copper  and  iron.  Bergmann,  (1775,) 
proved  that  it  was  a  distinct  metal.;^  Since  that  time  it  has  been 
mvestigated  by  many  chemists. 

U.  Extraction. — ^Its  ores  are  kupfemickel  and  nickel  ochre  or 
oxide.^  The  processes  for  extracting  nickel,  have  been  considerably 
varied ;  the  following  selection  embraces  the  most  important  steps* 

1.  TTie  common  process. — Roast  the  kupfemickel  to  expel  sulphur 
and  arsepic  ;  it  is  then  mixed  witli  2  parts  of  black  fiux,  covered 


•  Ure's  Dictionary. 

t  Found  at  Chatham,  Cooo.,  along  with  tlie  ore  of  cobalt.  These  two  metals  are 
associated  usually  in  the  mines ;  but  they  are  no  longer,  as  formerW»  associated  or 
identified  in  a  chemical  arrangement,  tlie  purified  nickel  being  found  to  possess 
properties  that  assimilate  it  to  the  noble  metals. 

t  Bergmann,  Vol.  ii,  p.  231 ;  Ann  de  Ch.  Vol.  liii,  pp  107, 164 ;  Vol.  i.v,  p.  137 ; 
Vol.  i*x,  p.  260;  Vol.  lxix;  Vol.  lxxviii,  p.  133;  Jour,  de  Phys.  Vol.  i.viii, 

S>.  64;  Ann  de  Ch.  et  de  Ph.  Vol.  xx,  p.  267;  Vol.  xxv  and  xxxixi ;  Nicholson's 
our.  Vol.  XII. 

§  For  the  analysis,  see  Accum's  Analytical  Mineralogy  and  Aikin'sDict.  Vol.  ii, 
p.  135. 

Vol.  n.  ,38 
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with  commoq  salt,  heated  in  a  forge  furoace  and  an  impure  metalic 
button  is  obtained. 

2.  To  remove  the  impurities, — ^Dissolve  the  common  regulus  (me- 
tallic nickel  of  commerce,)  in  boiling  nitric  acid  ;  the  arsenic  will  be 
changed  into  arsenic  acid,  and  nitrate  of  lead  will  percipitate  the  ar- 
senic ;  evaporate  by  a  very  gentle  beat,  but  not  to  dryness ;  add  al- 
cohol which  takes  the  water  and  precipitates  every  salt  but  nitrate  of 
nickel ;  the  alcohol  of  the  decanted  solution  is  evaporated ;  the  ni- 
trate of  nickel  is  redissolved  in  water,  and  the  oxide  thrown  down 
by  potassa ;  lastly,  the  oxide  is  well  dried  and  reduced  in  a  cruci- 
ble lined  with  lamp  black. 

3.  Process  of  Dr.  Thomson,  suggested  by  Dr.  WoUaston, 

Add  sulphuric  acid  to  die  pulverized  speiss,*  of  commerce,  (com* 
posed  chiefly  of  arsenic  and  nickel,)  and,  at  intervals,  nitric  acid,  about 
one  fourtli  part ;  there  results  a  green  solution  and  after  a  subsidence 
of  several  hours,  arsenic  remains.  Decant  and  evaporate  the  green 
liquid  and  obtain  crystals  of  sulphate  of  nickel ;  a  farther  evapora- 
tion gives  a  crust  of  arscninte  and  sulphate ;  dissolve  this  in  water 
and  pass  tlirough  it  sulphuretted  hydrogen,  till  precipitation  ceases ; 
filter  again,  evaporate  and  obtain  more  of  the  apple  green  matter ; 
dissolve  again  and  it  will  become  opake  owing  to  precipitation  of  ar- 
senious  acid ;  filter  and  again  evaporate  and  obtain  pure  sulphate  of 
nickel,  and  for  greater  security  tlie  entire  sulphate  obtained,  may  be 
dissolved,  filtered,  evaporated  and  crystallized  anew.  This  sulphate 
being  again  dissolved,  is  decomposed  by  carbonate  of  soda  and  the 
resulting  carbonate,  made  into  balls  with  oil  and  surrounded  with  char- 
coal in  a  crucible,  is  heated  for  two  hours,  in  a  melting  furnace. 
This  process  always  gave  Dr.  Thomson  a  button  of  pure  nickel. f 

The  oxalate,  prepared  in  die  same  way  as  oxalate  of  cobalt,  (see 
this  Vol.  p.  202,)  and  being  heated  in  close  vessels,  yields  metallic 
nickel  in  the  form  of  a  black  powder,  or  it  is  easily  reduced  by  pass- 
ing hydrogen  gas*  over  its  oxide,  laid  in  a  porcelain  tube  across  a 
furnace. 

III.  The  metal. — Properties. 

(a.)  When  pure,f  color  intermediate  between  that  of  stiver  and 
tin;  lustre,  when  polished,  vary  high,  and  between  that  of  steel 
and  platinum. 


*  A  substance  reroaintDg  at  the  bottom  of  the  cnicibteM,  in  which  cobalt  isprepnre<1. 

t  Ann.  Phil.  XIV,  p.  144  and  Henry,  II.  170.  See  al^  Nich.  Jour.  Vol.  XII. 
and  Ann  de  Chfm.  Vols.  LXIX  and  LXXVIII;  Ann.  Philos.  N.  S  III,  201  and 
VII, 385;  Ann  de  Cb.  et  de  Phy.  Vol.  IX. 

t  As  commonly  seen  it  is  yellowish  white,  and  brittle.  It  i^  not  easy  (o  obtain 
pure  metallic  nickel  even  In  London  and  Paris ;  1  have  repeatedly  sent  to  those  cit- 
ies without  obtaining  it.  1  have  now  a  fine  piece  brought  from  Germany,  and  pre- 
sented by  the  kindness  of  Mr.  W.  C.  Woodbridge. 
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(6.)  Malleahh,  can  be  forged  into  bars  when  hot,  and  hammered 
into  plates  when  cold.  Sp.  gr.  when  cast,  is  8.402,  forged  8.666.^ 
Ductile;  it  can  be  drawn  into  very  fine  wire;  it  becomes  oxidized 
if  we  attempt  to  solder  it. 

(c.)  Ltsi  fusible  than  iron;  infusible  as  manganese.  lu  a  cover- 
ed crucible,  some  of  it  is  volatilized,  and  appears  in  drops  on  the 
cover  of  the  crucible. 

{d.)  h  attracted  by  the  magnet  almost  as  powerfully  as  iron,  and 
becomes  itself  a  magnet  by  touching^  fiammering,  fyc.  The  magnet- 
ism is  the  stronger,  the  purer  the  metal  is ;  a  needle  made  of  it,  and 
suspended,  points  to  the  north  as  freely  as  one  of  iron,  but  its  mag- 
netic power  is  only  i  as  great.f  This  was  supposed  to  be  owing  to 
iron,  but  is  now  believed  to  be  a  property  of  this  metal.  As  it  does 
not  rust,  it  has  a  very  great  superiority  over  steel,  for  this  purpose. 

(e.)  Arsenic  impairs  or  destroys  tJie  magnetic  virtue. 

IV.  Relation  to  oxygen. 

(a,)  Oxidized  with  extreme  difficulty  by  heat  and  air ;  endures 
their  action  almost  as  well  as  gold,  silver  and  platinum,  but  by  contin- 
ued heat  in  tlie  air  it  becomes,  at  last,  a  dark  brown  oxide,  still  mag- 
netic. 

It  bums  brilliantly  wnder  the  compound  blowpipe. 

Sb,)  ^Ittrey  vfith  heaty  converts  it  into  an  oxide. 
c.)  At  a  high  heat  its  oxides  are  said  to  be  reducible  by  heat  aJonCf^ 
and  as  it  is  little  tarnished  by  heat  and  air,  and  is  eminently  malleable 
and  ductile ;  Richter,  and  others  call  it  a  perfect  or  noble  metal. 

(J.)  The  green  hydrated  oxide  of  nickel  exposed  to  a  red  heat 
or  to  chlorine,  becomes  a  black  oxide. 

(e.)  Authors  are  not  agreed  as  to  the  eyaivalent  of  nickel;  ac- 
cording to  Dr.  Thomson,  it  is  26 ;  Lassaigne,  40 ;  Phillips,  29 ; 
Brande  30 ;  it  is  therefore  evident  that  the  subject  needs  farther 
investigation. 

(/.)  Protoxide. — ^Dr.  Turner  admits  26  as  the  equivalent  of  this 
metal,  and  its  protoxide  with  1  equiv.  of  oxygen,  is  of  course  34. 
It  is  formed  by  ignidng  the  carbonate,  oxalate,  or  nitrate  of  nickel  in 
an  open  vessel  and  is  then  ash  gray,  but  after  igniuon  it  becomes  dull 
olive  green,  or  brown ;  it  is  not.  magnetic ;  the  pure  alkalies  throw  it 
down  as  a  pale  green  hydrate;  ammonia  and  its  carbonate  in  excess 
redissolve  it ;  hydro-sulphurets  precipitate  it  black,  but  sulphuretted 


*  By  hammering  it  can  be  increased  to  nearly  9. — 8.982. 

t  Auihorg  differ  on  this  point;  see  magnetism  under  general  properties  of  metals; 
if  niclcel  not  quite  pure,  has  its  magnetic  power  expressed  by  36,  that  of  iron  will 
be  55,  and  that  of  cobalt  25.    Lampadius  in  Thomson's  Ann.  Vol.  V.  p.  62. 

X  Th^nard  suggests  that  possibly  its  reduction  may  have  been  produced  by  carbu- 
refcted  hydrogen  making  its  way  through  the  cracks  of  the  crucible,  and  says  that 
he  had  in  vain  attempted  to  reduce  it  in  a  well  closed  crucible. 
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hydrogen  produces  no  precipitate  unless  it  is  neutral  or  united  widi  a 
weak  acid.*  It  is  a  strong  base  uniting  readily  with  acids,  and  by 
long  ignition  in  a  charcoal  crucible,  it  loses  22.5  out  of  100. 

(g.)  The  peroxide  is  supposed  to  consist  of  1  equiv,  of  nick- 
el 26+1 J  of  oxygen  12=38.  Formed  bypassing  chlorine  gas 
through  water  in  which  tlie  hydrated  protoxide  is  suspended,  it  does 
not  unite  with  acids,  is  decomposed  at  ignition,  giving  out  oxygen 
gas  and  with  hot  muriatic  acid  evolves  chlorine  gas. — 2\trner. 

V.  ConUSTIBLES. 

1.  Sulphur. 

(a.)  The  sulphuret  of  niclel  is  formed  by  mdiing  the  meial  and 
nUphur  together^  or  by  precipitating  the  salts  of  nickel  by  hydro-sul- 
phurets. 

(i.)  The  compound  is  gray  or  yellow  with  a  metallic  lustre;  h  is 
hardy  brittle^  has  a  close  grain,  and  bums  when  heated  in  contact 
with  the  air.f 

(c.)  There  are  two  sulphurets,  one  with  34,  and  the  other  with  43.5 
per  cent,  of  sulphur. — Davy.  In  tlie  bi-sulphuret,  the  magnetic  prop- 
erty is  lost. 

2.  Phosphorus. — ^The  phosphuret  of  nickel  is  formed  in  the  usual 
way,  but  it  appears  to  possess  no  peculiar  properties,  being,  in  appear- 
ance, white  and  metallic,  and  presenting  a  congeries  of  prisms. 

3.  Carbon  combines  with  nickel  as  is  found  when  it  is  used  in  re- 
ducing its  oxide. — Berthier^ 

The  compound  resembles  iodine  or  micaceous  iron. 

VI.  Relation  to  Acids. 

The  salts  of  nickel  are  green  and  cry  stallizable ;  the  acids  udte 
only  with  xhe  protoxide,  and  the  taste  of  the  salts  is  noeetish. 

1 .  Sulphuric  acid;  action  weaky  unless  aided  by  a  boiling  heat,  or 
by  small  poitions  of  nitric  acid,  when  some  nickel  is  dissolved ;  the 
superfluous  acid  being  driven  off  by  heat,  a  part  of  the  remaining 
mass  is  soluble  m  water,  and  by  eva[)oration,  gives  rhomboidal  octa- 
hedra  or  rhombic  or  square  prisms  of  a  light  emerald  green ;  the 
water  has  the  same  color  and  a  similar  salt  is  obtained  by  dissolving 
oxide  of  nickel  in  this  acid ;  taste  sweetish  and  astringent;  becomes 
greenish  white  by  moderate  ignition ;  composition,  acid  29.2,  pro- 
toxide 24.8,  water  46.  The  sulphate  of  nickel  exists  in  small  qnan- 
tities  in  the  waters  of  some  mines. 

2.  Nitric  add;  the  action  is  rapid  on  both  the  metal  and  oxide ; 
most  on  the  impure  metal ;  the  pure  requires  die  aid  of  faetft ;  soh- 


•  Tomer,  8d.  Am.  Ed.,  p.  846. 

t  Berthier  (Ann.  de  Gh.  et  de  Ph.  Vol.  XXXIII.  p.  57,)  obtained  salphoret  of 
niekel  by  hesUng  anenical  nickel,  Carbonate  of  soda  aiid  sulphur  tofether;  it  was 
mixed  however  with  sulphuret  of  sodium  and  sulphuret  of  arsenic. 

JVu  sulphuret  according  to  him  resemblefl  exactly  iron  pyrites. 
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don  rich  green ;  gives  rhomboidal  crystals,  which  are  delique  scent, 
and  in  a  warm  air  ultimately  crumble  into  a  greenish  white  powder ; 
this  salt  is  partially  decomposed  by  heat. 

3.  Muriatic  acid  ;  scarcely  any  action  ;  it  is  even  boiled  on  regu* 
line  nickel,  to  render  it  clean ;  dissolves  the  oxide  easily  and  affords 
irregular  crystals,  first  deliquescent  and  then  efflorescent. 

4.  J^itrfMntariatic  addj  dissolves  nickel  with  facility,  and  forms  a 
muriate  or  a  mixed  muriate  and  nitrate. 

Vn.  ChXjObine. 

Nickel  heated  in  chlorine  gas,  forms  an  olive  colored  compound, 
end  the  evaporated  and  heated  muriate  affords  brilliant  yellow  scales ; 
both  being,  probably  the  bi-chloride. — H. 

VUI.  IODINE. — By  precipitating  any  salt  of  nickel  with  hydriodate 
of  pottssa,  an  iodide  of  the  metal  is  formed ;  it  is  green  and  insolu- 
ble.—JA 

Decomposition  of  salts  of  nickel, 

(a.)  Alkalies  medpitate  the  hydrated  oxide,  more  or  less  free  firom 
the  acid ;  they  (especially  ammonia  m  excess,)  re-dissolve  the  hy- 
drated oxide. 

{b»)  Carbonated  alkalies  throw  down  a  carbonate  of  nickel  of  a 
delicate  apple  green ;  it  is  changed  by  heat  to  dark  gray,  and  ulti- 
mately becomes  attractable  by  the  magnet. 

(c.)  Ammonia  gites  a  green  precipitate^  resoluble  in  more  of  the 
tdkali^  becoming  of  a  beautiful  sky  blue,  and  in  a  hour  or  two 
amethyst  red  and  violet ;  these  colors  are  converted  agab  to  green, 
by  an  acid,  and  again  to  blue  and  violet,  by  ammonia;  if  the  color  is 
permanent,  copper  is  to  be  suspected. 

(J.)  The  nickel  is  precipitated  immediately  from  this  ammoniacal 
solution,  by  either  of  the  caustic  fixed  alkalies;  cobalt  is  but  slowly 
thrown  down  and  the  precipitate  is  reddish ;  this  affords  a  means  of 
separating  these  metals. 

(e.)  Metals  do  not  precipitate  pure  nickel;  from  the  impure, 
they  precipitate  arsenic  and  iron — and  the  green  color  of  the  solution 
is  thus  improved. 

(/.)  Hydro  sulphurets  of  alkalies  give  a  black  precipitate^  with 
salts  of  nickd ;  sulphuretted  hydrogen  produces  no  e&ct. 

{g.)  Prussiate  ofpotassa  gives  a  greenish  (according  to  my  expe- 
rience, an  almost  white  slightly  tinged  with  green,)  precipUate;  with 
copper,  a  brown. 

(h.)  Tincture  of  ^aUs,  produces  no  effect. 

ft.)  Alkaline  sulphurets  dissolve  nkkeL 

(;.)  Nickel  is  not  precipitated  by  iron,  or  zinc ;  by  sulphur  or 
phosphorus. 

IX.  Allots. 

1.  Gold;  with  20  grs.  to  1  oz.  of  nickel,  an  alloy  of  a  brass  cokr 
is  formed,  coarse  grmned,  and  brittle. 
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2.  Silver;  nearly  equal  proportions,  do  important  change  m  duc- 
tility or  color. 

3.  Copper;  ductility  and  magnetic  virtue  impaired;  the  latter 
not  destroyed. 

4.  Tin  ;  a  white  brittle  compound. 

5.  Arsenic  readily  combines  with  nickd  ;  alloy  brittle  and  fusible, 
giving  a  garlic  odor  by  heat. 

6.  Iron  unites  vnth  nickel  in  aU  proportions ;  if  nickel  prevails, 
the  metal  is  white  and  the  ductility  and  magnetism  are  equal  to  that  of 
iron  ;  it  does  not  amalgamate  with  mercury. 

This  alloy  is  constantly  found  in  meteoric  iron^  and  this  is  sup- 
posed to  be  the  reason  why  it  is  so  litde  prone  to  rust.*  That  of 
Baffin's  bay,  contained  3  pr.  ct.  that  of  Siberia  16,  that  of  Louisiana, 
9.6,  that  of  Virginia,  6.10.  In  examining  such  bodies  I  have  made 
use  of  the  hydro-sulphuret  of  ammonia,  to  precipitate  the  nickel  from 
the  nitric  solution,  the  iron  being  first  removed  by  ammonia,  and  the 
absence  of  it  proved  by  tincture  of  galls,  and  by  prussiate  of  potassa, 
the  latter  failing  to  give  a  blue,  and  yielding  only  a  white  precipitate. 

Oxide  of  nickel  combines  by  fusion  with  vitrifiable  matter,  and 
gives  a  hyacinthine  color,  also  a  similar  color  to  borax,  and  phosphate 
of  soda. 

Pure  nickelf  being  dear  and  rare,  and  the  processes  for  obtaining  it 
pure  being  very  troublesome,  it  is  entirely  unknown  in  society,  and 
almost  so  in  the  arts.  It  would  be  an  interesting  metal,  if  it  could  be 
easily  and  cheaply  obtamed. 

Sec  XXXIII. — M£RCurt.| — ^Quicksilver. 

I.  Name  and  history. — The  Latin  hydrargyrum  is  from  the 
Greek  v^up,  water,  and  ap/upov,  silver,  in  allusion  evidently  to  its 
fluidity  and  silvery  appearance.  The  name  quicksilver  carries  die  same 
allusion,  and  the  alchemists  appear  to  have  regarded  this  metal  as  sil- 
ver ip  a  fluid  state,  quickened  by  some  inherent  volatile  principle, 
which  they  hoped  either  to  fix  or  expel. 

Known  to  the  ancients,  especially  to  the  Greeks  and  Romans  who 
employed  it  in  gilding  and  in  the  extraction  of  the  precious  metab 
as  is  done  at  the  present  day. 

*  Large  masses  of  meteoric  iron  in  Siberia,  Peru,  Louisiana,  &c.  have  lain  in 
the  open  air  apparently  from  ay^e  to  age  without  rusting,  or  only  superficially;  if  it 
should  be  found  that  nickel  will  effectually  protect  iron  from  rusting,  the  fact  might 

J»rove  of  the  greatest  practical  consequence,  in  the  construction  of  many  instruments 
or  science  and  the  arts. 

t  Common  nickel  is  much  used  in  the  arts  for  alloys,  one  of  which  resembling  sil- 
ver is  imported  from  Germany  in  bars  and  wire,  and  used  in  making  the  new  musical 
instruments  called  mouth  harmonicas. — o.  c. 

t  This  is  the  alchemistical  name  after  the  planet  mercury,  and  it  is  singular  that 
this  metal  is  the  only  one  that  retains  the  name  imposed  by  the  alchemists. 
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Regarded  formerly  as  an  imperfect  metal  because  it  was  not  solid 
and  of  course  not  malleable,  and  even  the  brittle  metals  were  called 
semi-metals.  This  distinction  is  now  banished,  and  if  it  had  ever  any 
foundation,  with  respect  to  other  metals,  it  has  none  in  the  case  of  mer- 
cury, which  has  been  frozen  repeatedly,  and  while  solid,  is  malleable ; 
when  fractured,  it  shews  a  crystalline  structure. 

II.  Properties. 

(a.)  Fluid,  tahite,  brilliant  as  polished  silver  ;  a  clear  white  glass 
tube  fiUed  with  it  cannot  be  distinguished  by  the  eye  from  burnished 
silver;  the  clean  surface  of  a  vessel  of  mercury,  especially  in  a  face 
of  some  square  feet,^  is  a  most  splendid  and  beautiful  nnirror.f 

U),^  The  only  metal  that  is  fluid  at  common  temperatures. % 

(c.)  JVb^  essentially  fluid  as  once  supposed ;  owes  this  state  en- 
tirely to  heat;  can  be  frozen  at  —39°  or  —40°,  by  nitric  acid  and 
snow;  or,  muriate  of  lime  and  snow;  or,  potassa  and  snow;  or,  by 
evaporation  of  condensed  sulphurous^  acid ;  or,  of  sulphuret  of  car- 
bon, from  a  glass  ball  filled  with  mercury  and  exposed  to  air  pump 
exhaustion,  (Vol.  I.  pp.  316,  364.)  in  the  three  first  cases  it  is  the  ab- 
straction of  the  heat  necessary  to  fluidity,  and  in  the  two  last  to  the 
state  of  vapor,  that  produces  the  eflfect.||  First  obtamed  frozen  in 
1736,  at  Yakutsk,  in  Siberia. 


*  Ai  in  the  mercurial  pneumatic  cisterns  in  laboratories. 

t  Every  one  knows  that  our  common  mirrors  are  coated  with  an  amalgam  of  tin 
and  mercury,  sometimes  with  the  addition  of  bismuth. 

I  If  potassium  and  sodium  were  not  more  liable  to  be  oxidized  than  mercury,  they 
would,  in  the  open  air,  exhibit  the  effect  of  varying  temperature;  at  a  medium  heat 
they  are  plastic  solids ;  at  a  temperature  not  above  extreme  summer  heat,  potas- 
sium would  be  fluid,  and  it  would  be  generally  so  at  the  equator,  and  sodium  would 
be  fluid  with  double  the  ^ame  degree  of  heat;  lead,  and  tin,  and  gold,  are  soft  met- 
als, and  form  a  transition  from  potassium  and  sodium  to  zinc,  silver,  iron,  &c.  and' 
thus  the  aggregation  of  the  metal  evidently  depends  upon  heat. 

§  With  1  dr.  of  which,  thrown  in  a  jet  upou  the  metal.  Dr.  Torrey  informs  me 
he  has,  in  a  few  seconds,  frozen  100  grs.  of  mercury. 

|l  I  have  frozen  mercury  in  presence  of  a  class,  with  muriate  of  lime  and  snow, 
ana  have  seen  it  done  elsewhere,  but  it  requires  too  much  attention  to  be  in  general,  a 
very  good  class  experiment.  It  will  of  course  be  done  in  the  winter,  and  when  it  is  very 
cold  weather.  Two  parts  of  dry  pulverized  muriate  of  lime,  and  one  of  snow  (fresh  fall- 
en and  very  dry,)  are  placed  in  separate  vessels  and  cooled  to  zero,  by  immersion  in  a 
mixture  of  2  parts  of  common  salt,  and  1  of  snow ;  the  mercury  contained  in  a  small  tube 
or  ball  should  be  cooled  in  the  same  manner;  the  muriate  of  lime  and  snow  are  then 
promptly  mingled  in  a  vessel  of  pottery,  which  has  itself  been  cooled  by  similar  mean<i, 
and  three  hundred  or  four  hundred  grains  of  mercury,  in  three  or  four  quarts  of  the 
freezing  mixture,  will  be  frozen  in  a  few  minutes.  See  Dr.  Blagden's  account,  Phil. 
Trans.  VoK  LXXXIII.  Messrs.  Allen  and  Pepys  froze  56  lbs.  of  mercury  at  once, 
(Tilloch*s  Phil.  Mag.,  Vol.  Ill,  p.  76,)  and  the  cold  condensed  the  air  of  tho 
room  into  a  dense  cloud.  It  is  commonly  said  that  the  muriate  of  lime  should 
be  crystallized ;  on  account  of  the  water  of  crystallization  which  increases  its 
power,  but  this  is  not  easy  on  account  of  its  deliquescence,  and  it  answers  very 
well  in  dry  powder  as  I  have  found,  having  kept  it  unchanged  for  years.  See 
this  volume,  p.  63,  note.  Mercury  was  first  frozen  by  the  Russian  academicians 
by  t  very  intense  natural  cold,  increased  by  a  mixture  of  fuming  nitrous  acid  and 
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(df.)  When  the  mercury  isparihf  conjgealedj  tf  the  fluid  part  be 
poured  out j  octahedral  ery$taU  are  obtained. 

(e.)  Frozen  tnereury  may  be  cut  ufith  a  knife;  iijkutent  under  die 
hammer,  and  is  therefore  malleable;  I  have  observed,  that  in  puUbg 
a  frozen  mass  with  pincers,  it  extends  and  is  therefore  ductile;  but  h 
falls  rapidly  in  drops  during  these  operations  which  are  but  moroen* 
tary.*  In  attempting  to  bend  it,  it  breaks.  The  touch  of  frozen 
mercury  whitens  and  disorganises  the  skin  like  a  burn,  and  with  a  sim- 
3ar  sensation. 

(/.)  By  freezings  the  *p.  gr,  of  mercury  which  at  47^  Fahr.  is 
13.545f  is  tncreased  to  15.612 :  about  | :  frozen  mercury  sinks  in  the 
fluid  metal. 

(g.)  Mercury  is  petfectly  mobile^  and  is  the  most  becmitful  of  per- 
manent fluids;  if  clean  and  pure  it  does  not  soil  the  hands  or  glass 
vessels  ;|  from  its  great  weight  it  affords  the  most  perfect  means  of 
demonstrating  the  statical  and  moving  power  of  nuids;  it  is  indis- 
pensable in  the  construction  of  the  barometer,  and  almost  so  in  that 
of  the  thermometer. 

(A.)  Itspartides  attract  each  other;  in  glass  vessels  its  surface  is 
convex,  receding  from  the  sides ;  but  in  most  metallic  vessels,  owing  to 
the  attraction,  its  surface  becomes  concave  and  forms  a  ring  as  water 
does  m  glass.  || 

mow ;  when  the  mercury  ceued  to  liiik  in  their  tiiermometen,  they  found  oo 
breaking  the  bulbs,  that  it  was  congealed.  Profewor  Pallas,  at  Kraanojack,  in  Sibe- 
ria, A.  D.  1772,  caused  mercury  to  congeal  by  a  natural  cold  of  — S5  1-2^  Fah.  and 
Mr.  Hutchina  observed  the  same  fact  at  Hudson's  Bay,  in  1776 :  also,  Mr.  Bricker 
at  Rotterdam,  (1776.)  It  readily  freezes  In  the  natural  cold  of  the  polar  winter,  mf 
observed  by  the  late  northern  navigators  and  traveUers ;  hence  the  necessity  of 
carryinff  alcoholic  thermometers.  ^ 

*  If  ue  air,  the  instruments  and  the  metal  could  be  kept  at  —40^,  these  operations 
might  be  continued ;  but  animal  temperature  and  respiration  would  eventually  melt 
the  frozen  metal. 

t  18.568,  Th^nard;  a  cubic  foot  weighs  13.568  oz.  avoir. ;  a  cubic  foot  of  water 
at  55^  Fah.  weighs  998.74  oz.  avoir.,  and  in  freezing,  water  expands  about  1-8  or 
1-9,  and  yet  both  fluids  assume  a  crystalline  arrangement. 

1 1  have  seen  it  in  a  quantity  of  150  or  200  Ihs.  so  cootaminated  bv  other  metals 
by  use  as  a  mercurial  cistern,  Uiat  it  adhered  in  films,  covering  the  hands  and  ves- 
sels immersed  in  it. 

}In  the  falling  barometer  its  surface  is  concave. — J.  G. 
f  allowed  to  run  through  a  fine  rag  or  a  capillary  orifice,  as  by  piercing  a  con- 
ical paper  with  a  pin,  and  letting  the  mercury  run  through  it,  moving  it  at  the  same 
time  briskly  about,  or  by  holding  the  finger  on  the  mouth  of  the  funnel  containing 
the  metal,  which  is  then  allowed  to  flow  in  a  minute  stream  upon  a  large  and  clean 
glas^plate,  it  forms  itself  into  innumerable  globules,  which,  if  the  mercury  be 
pure,  are  always  flattened  spheroids,  but  with  a  clean  and  well  defined  outline :  oth- 
erwise they  adhere  to  (he  glass,  and  when  pushed  along,  they  become  extended 
into  a  continued  line.  The  workmen  at  the  mines,  who  call  this  metal  quick,  are 
able  to  judge  very  well  of  its  purity,  by  pouring  it  from  one  hand  into  the  other. 

It  is  said  that  impure  quicksilver  is  sometimes  obtained  from  the  looking  glass  ma- 
kers ;  it  is  of  course  alloyed  by  tin,  and  sometimes  by  bistmuth  and  lead ;  it  is  cheaper 
than  the  pure,  and  is  occaflionally  fraudulently  manufactured  into  the  blue  pill  and 
the  blue  ointment. —  Gray. 
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(»•)  tmfoirU  a  peculiar  taste;  petc^ived  when  it  is  rubbed  upon 
the  tongue,  but  there  u  no  smdl  except  from  its  vapor,  which  is  sfigntiy 
"Je. 


{j^  Doei  ncft  iemibiy  evap<nxUe  at  eonumm  temperaiures ;  yet 
Mr.  Faraday  found  gdd  leaf  whitened  by  hanging  sometime  in  a 
vessel  over  mercury ;  minute  drops  of  mercury  also  collect  in  dme 
in  the  vacuum  of  the  barometer,*  looking  like  a  mere  film,  but  the 
maenifier  discovers  minute  drops  of  mercury.f 

(k.)  With  a  litde  more  than  three  times  the  heat  of  boiling  vt^ter, 
nkitmyiiaoboiUj  and*is  converted  into  a  true  vapor;  the  boiling 
p&kt  ha^beenvarunuh  8i<aedi  656^,  (Criehton,)  eOS^^',}  (Petit and 
Dnlong.)  The  vapor  forms  a  wUte  cloud  in  the  air ;  if  pure,  the  met- 
al evaporate  without  residumn,  and  as  it  readily  condenses,  it  forms 
"  a  wttte  dew  on  the  adjacent  bodies,  whi<A  is  found  by  the  midro- ' 
scope  to  consist  of  myriads  of  minute  globules."*-^tZ»fu. 

Q.)  Iti  vfmor  it  eapansivej  (Vol.  I.  p.  56.  d.)  and  weighs  nearly 
seven  times  (6.9760)  as  much  as  the  same  volume  of  common  air .^ 

(i»w)  The  vapor  it  nomaus;  Fourcroy  says  (Vol.  V.  p.  387,)  that ' 
he  has  seen  persons  struck  by  it  with  asphyxia  and  paralysis.  || 

(n.^  Mercury  it  purified  by  expodng  a  thin  stratum  of  it  to  snlphti- 
rio  acid  1  and  water  3,  with  agHation;  after  4  days  the  oxides  are 
washed  away,  and  the  mercury  is  then  rendered  pure  by  dttOllati&n  ;V 
it  may  be  done  in  an  iron  vessel  or  in  aii  eMhen  or  even  glaite  retbrt ; 
the  fire  must  be  moderate;  the  apparatus  under  a  chimney,  and  a  towel 
or  cloth  should  be  attached  to  die  neck  of  the  distilfing  vessel  and 
should  fip  into  water  contamed  in  any  conveiuent  receiver.*^* 


^  Emefadly  if  ctiadlnff  bj  a  window  in  a  wann  room. 

t  It  u  nid  also  that  £ere  la  a  phosphoreacenee  pereeived  in  this  vacuum,  but 
thltf  is  d6ubUe«  an  electrical  phenomenon,  produced  by  the  friction  of  the  mercury 
upon  the  slaaa. 

t  And  by  a  corrected  thermometer,  680^. 


§  Ann.  de  Ch.  et  de  Ph.  Vol.  XXXIII.  p.  8S8. 


j  I  have  obaenned  thermometer  makers  to  run  away  when  the  glass  baH  bunts  ' 
during  the  boifing  of  the  mercury :  I  have  often  met  with  this  occurrence,  but  have 
reeeired  no  injury  from  it,  nor  from  the  vapor  of  the  revived  mercury  when  its 
folminatingpreparatiott  is  exploded ;  it  is  proper  however  always  to  avoid  the  vapor 
of  this  metal ;  some  persons  are  salivated  by  it. 

IT  The  contaminating  metah  are,  usually,  lead,  bismuth  or  tin.  Fourcroy  says  he 
has  rarely  found  it  to  contain  more  than  4  or  5  per  cent,  of  foreign  metals. 

**  The  alchemists  were  beut  on  fixing  quicicsiiver,  and  they  conceived  that  it  con- 
tained a  volatile  principle,  which  being  expelled,  the  silver  would  become  solid. 
For  this  purpose,  it  was  subjected  to  great  heat,  in  closed  iron  gjlobes,  placed  In  hot 
furnaces,  which  ended,  as  might  be  supposed,  in  terrible  explosions.  Fourcroy  re- 
lates, tiiat  in  the  house  of  the  apotfaecaiy  Geoflroy,  in  Paris,  in  17S2,  they  enclosed 
mercuiy  in  an  iron  box,  surrounded  by  five  others  in  succession,  and  tiie  last  was  se- 
cured by  very  strong  Intersecting  iron  bars ;  the  apparatus  was  then  thrown  Into 
a  well  heated  furnace,  when,  in  due  time,  a  loud  and  violent  explosion  projected  the 
fragments,  like  those  of  bomb  shells,  with  such  force  that  they  penetrated  the  walls 
of  Sie  building.   These  preposterous  experiments  are  however  interesting,  as  they 

Vol.  n.  39 
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(o.)  Marewryj  as  a  taetalf  it  a  good  conductor  of  heaif  and  being 
also  fluid,  it  so  effectually  emlHraces  the  band  plunged  mto  it,  that  it 
produces  often  a  decided  sensation  of  cold,  although  the  thermometer 
proves  that  it  b  of  the  same  temperature  as  the  surrounding  objects. 

lU.  Relation  to  oxtgcn. — Combuitibiliiy. 

(a.)  Throum  upon  red  hot  coeds,  it  evaporates  toith  a  crackling 
noise^  produced  by  innumerable  trifling  explosicms,  but  there  is  no 
appearance  of  combusiionf  and  it  is  too  volatile  to  be  burned  by  the 
blowpipe. 

(6.)  7^  galvanic  discharge,  taken  through  it,  from  a  charcoal 

Eoint,  produces  J  however,  a  vtvid,  greenish  whUe  flame;  the  mercury 
urns  and  is  dissipated,  and  Dr.  Hare  caused  a  stream  of  mercury, 
flowing  from  a  funnel,  to  bum  splendidly  on  receiving  the  discbarge 
from  a  powerful  deflagrator. 

Oxides. — TJiere  are  two^  the  black  and  the  red. 

1.  Protoxide  ot  black  oxide, 

(a,)  Pure  mercury,  exposed  to  the  air,  scarcely,  undergoes  any 
change,  but  bu  long  agitation  of  the  mercury  of  commerce,  a  part  of 
it  is  converiea  into  a  gray  poufder  ;*  it  is  however  doubtful  whether 
pure  mercury  is  ever  oxidized  by  the  cold  air. 

(i.)  By  rubbifig  it  vnth  oils,  unguents,  gums,  honey,  manna,  fyc. 
it  is  minutely  divided,  so  that  the  globules  are  no  longer  visible,  even 
with  tbe  aid  of  a  magnifier ;  in  this  state  it  is  commonly  regarded  as 
black  oxide  of  mercury;  if  so,  it  is  of  extremely  easy  reduction,  as 
the  globules  reappear  by  heat  and  the  sun's  rays.f 

(c.)  Some  chemists  doubt  the  existence  of  a  protoxide  of  mercury, 
distinct  from  a  state  of  combination  with  acids,  with  which  it  is  allow- 
ed that  it  exists  in  a  salme  condition.| 

(d.)  Processes  for  the  protoxide. — Briskly  triturate  calomel,  in 
excess,  with  a  hot  solution  of  potassa  or  soda,  edulcorate  with  cold 

prove  that  mercury  can  be  oonverted  iato  an  elastic  vapor,  whose  expansive  ef- 
forts are  as  great  as  those  ot  steam  or  of  the  gases  from  gunpowder. 

*  This  was  formerly  effected  by  fastening  strong  vials,  containing  mercury,  en- 
closed tight,  with  much  air,  to  the  wings  of  windmills,  the  arms  of  fulling  mills  or 
the  spokes  of  coach  wheels,  and  the  agitation  produced  by  their  motion  converted  a 
part  of  it  into  the  gray  or  black  powder,  called  by  Boerhaave,  who  first  obtamed  it, 
ethiops  per  se.  He  also  distilled  the  same  portion  of  mercury  five  hundred  times, 
with  no  other  change  than  the  production  of  a  little  of  the  gray  powder,  which,  by 
trituration,  became  again  metallic  mercury.  Gay-Lussac  (Ann.  de  Ch.  et  de  Ph. 
Vol.  f ,  p.  424,  note,)  (K>ubts  whether  pure  mercury  is  ever  oxidized  by  the  air. 

t  The  blue  pill  and  the  most  common  mercurial  ointments,  contain  mercury  in 
this  state.  Mr.  Carpenter,  of  Philadelphia,  (Am.  Jour.  Vol.  XII,  p.  173,)  contends 
that  in  the  blue  pill  the  mercury  b  merely  divided  and  not  oxidized,  and  Laugier 
(Cours de  Chimie,  Tom.  II,  p.  310,)  says;  "On  est  fondd  k  croire  aujourd'hui  que  ce 
changement  de  couleur  tient  seulement  k  Tcxtreme  division  dcs  parties  du  metal." 
This  extreme  division  is,  however,  highly  favorable  to  the  combination  of  oxygen, 
and  perhaps  the  middle  opinion  may  be  the  more  correct,  namely,  that  a  part  of  (he 
metal  is  in  the  state  of  extreme  division,  and  part  in  the  stale  of  oxide. 

t  See  Ann.  dc  Chim.  et  de  Phys.  Vol.  I,  p.  12. 
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water,  diy  In  the  cold  and  in  darkness ;  or  precipitate  the  oxide  from 
the  proto-nitrate  by  lime  water,  (h.) 

(e.)  Properties  of  the  precipitate. — Color  dark  gray  ^  almost  block; 
insoluble  in  water;  exists  in  the  proto-nitra;te  of  mercury;  by  pres- 
sure/^ yidds  running  mercury^  mixed  with  the  deutoxide,  and  then, 
by  muriatic  acid,  forms  corrosive  sublimate,  and  leaves  a  portion  of 
deutoxide.  f 

(/.)  Composition. — ^Mercury,  1  equiv.  200+  oxygen,  1  equiv.  8 
=208,  its  equivalent. 

2.  JDeutoxide  or  peroocide.  This  oxide  is  perfectly  distinct  and  in- 
dubitdble  both  in  a  combined,  and  in  a  separate  state.  There  are 
two  varieties  known  in  commerce ;  the  precipitate  per  »e,  and  the  red 
precipitate  from  the  nitrate;  they  are  essentially  the  same,  and  the 
difierence  as  far  as  any  exists,  will  be  indicated  immediately. 

Process  for  the  deutoxide. 

1.  Red  precipitate^  per  se.  Mercury  fhced  in  a  vessel,  shaped 
like  a  pear,  or  better  perhaps  a  flat  bodied  retort  with  a  slightly  curv- 
ed neck,|  is  heaied  nearly  or  quite  to  ebullition;  the  air  has  access 
and  the  metal  rising  in  vapor j  is  condensed^  andfaOs  back  into  the 
vessel.  In  10,  12,  16  or  20  days,  a  part  of  it  is  converted  into' a 
red  oxidcj  which  may  again  be  heated  m  the  open  air,  in  a  broad  ves- 
sel§  to  expel  any  running  mercury. 

2.  (a)  Red  precipitate  from  nitrate  of  mercury.  We  anticipate  so 
far  as  to  mention  the  nitrate  now ;  it  will  be  named  again  with  more 
precision  in  its  proper  place. 

(&.)  The  solution  of  the  nitrate  is  evaporated  to  dryness j  and  ex- 
posed  to  a  pretty  strong  heat^  {about  QOQR  F.)  in  a  porcelain  cup  or 
'a  retort;  the  nitric  acid  is  decomposed,  and  expelled  in  red  fumes 

and  when  they  cease,  the  oxide  vnU  become  of  a  beaut^ul  red 

color. }\ 


*  Pressure  may,  and  probably  does,  produce  a  decompositioo,  evolving  metallic 
mercury  and  cau^g  the  production  of  peroxide,  by  the  transfer  of  oxygen  fix>m  a 
part  of  the  protoxide. 

t  These  are  anticipations,  which  will  be  cleared  up  in  the  sequel  of  this  section. 

X  It  being  necessary  at  once  to  oxi^nize  the  mercurial  vapor,  and  to  prevent  its 
escape,  they  empby  ^lass  matrasses  with  broad  and  thin  bottoms,  and  tall  necks,  with 
a  small  orifice  to  admit  the  air  and  repress  the  vapor ;  sometimes  a  lateral  orifice  is 
preferred,  and  it  is  thought  that  a  communication  with  oxygen  gas  would  facilitate  the 
result 

§  Lavoisier  (see  his  Elements)  placed  mercury  in  a  glass  retort  whose  neck  was 
'  curved  upward  so  as  to  pass  into  a  jar  containing  50  cubic  inches  of  common  air, 
confined  over  mercury ;  neat  was  applied  a  little  under  ebuUition,  7  or  8  cubic  inch- 
es were  absorbed,  red  oxide  was  formed,  and  nitrogen  left  in  the  jar ;  the  red  oxide 
waa  heated  in  another  retort,  and  pure  oxygen  gas  obtained,  which,  when  added  to 
the  residuary  niti-ogen,  again  formed  true  atmospherical  air. 

II  Other  particulars  will  be  named  under  the  nitrate ;  much  practical  nicety  seems 
necessary  in  order  to  obtain  a  beautiful  result. 
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(a.)  Acridfpurgaiivefewteiiefe$eharQiief^wadfM60^  By  heal, 
not  Bohigb  as  to  deoompofle  it^fomuia  red  sublimate. 

(b.)  MMed  with  zime  or  tinfiingt^  it  in^ma  tketh  and  aets  m  a 
simSar  ipaoBer  upon  most  combustible  bodies. 

(c.)  Color  scarlet  or  jjeUomth  red;  the  precipitate  per  se  is  criei- 
SOD,  and  the  cryetalt  are  imperfect  octahedra  ;  the  nitrous  preci[Htate 
is  of  a  more  lively  red  and  in  crystalline  scales ;  it  is  mucn  the  most 
acrid  and  both  varieties  are  loo  much  so,  for  internal  use. 

{d.)  Bvignitumthemereiiryierevimd^a^ 
obtained  ij  from  the  nitrous  precipitate  some  nitrogen  gas  is  eip^ed 
and  a  little  corrosive  sublimate  rises,  owing  to  muriatic  acid,}  either 
an  iropuriQr  in  the  nitric  acid,  or  added  by  design^  to  improve  £e  color 
of  the  precipitate. 

(e.)  Soluble  in  a  email  degree  in  fva(er^  which  acquires  an  acrid 
taste  and  turns  syrup  of  violets  green  and  it  precipitated  by  eu^^ha^ 
retted  hydrogen  ;  it  is  said  that  red  oxide  is  decomposed  by  the  aunV 
light  into  oxygen  gas  and  running  mercury.  || — QyidHnsrt. 

(/•)  It  seems  now  agreed  that  the  tvfo  red  axidet  areiientical  ex- 
cept that  a  little  nitric  acid  adheres  to  the  precipitate  obtained  from 
Ihe  nitrate  and  therefore  a  litde  nitrogen  is  obtained  in  its  deoompo- 
sition  by  heat. 

(g.)  Compfiititian.  Mercury^  1  equiv.  200  +  2  equio^  oxygent  16 
=:216,  its  efiMV.  It  has  therefore  exactly  twice  as  much  oxvgeo, 
as  the  protoxide  whose  equiv.  is  208 ;  100  parts  of  mercuiy  take  4 
of  oxygen,  to  become  protoxide,  and  8  to  become  peroxide. 

IV.  Watxb,  when  pure^  has  no  action  upon  pure  merenarg^  but  if 
the  mercury  of  commerce,  which  generaUv  contains  a  litde  aUoy  of 
some  other  metal,  is  boiled  with  water,  the  latter  becomes  turbid,  ac- 
quires a  metallic  taste,  and  the  power  of  destroying  worms  and  other 
insects.ir— wft%»ni. 

v.  Combustibles. — Jlfercury  unites  only  with  phosphorus  and 
sulphur. 

-  —  —  - 

*  Uied  by  mrgeoai  to  remove  fungoui  fleih. 

t  Holding  a  little  mercuritl  vapor  which  might  prodaee  aaliratloii  if  breaflied  im- 
mediately. 

t  In  the  proportion  of  a  drachm,  to  a  pound  of  nitric  add ;  iome  add  common  salt 
inatead  of  muriatic  acid. 

§  When  purified  by  copious  washings,  it  is  not  soluble  in  water,  and  it  is  proba- 
ble, that  in  ordinary  cases,  a  little  undecompoeed  nitrate  is  dissolvedd-— a.  ▲.  h. 


II  I  have  kept  specimens  of  both  the  precipitates,  26  years  in  glass  vessels  in  a  Ucht 
place  without  Ihe  slightest  change,  not  even  a  diminution  of  9ie  brightenss  of  3ie 


IT  It  is  probably  a  galvano-chemical  eilect,  produced  pardy  by  impurities  in  com- 
mon water  if  that  is  used,  or  if  distilled  water  is  employed,  it  is  owing  to  the  con- 
joined effect  of  air,  water  and  the  metal ;  we  may  presume  that  to  clean  glass  tos- 
sels,  filled  with  pure  water,  and  sealed  from  the  air,  mercury  would  not  acquire  any 
impregnation. 


1.  PA«q>Aon«#<<^AaipAiir0.-^NQ  union  between  phoq^tous  wd 
metalUp  mercurj,  heated  ei^en  for  muatbo,  up4er  water. 

(a.)  Skat  either  of  the  oxiiei  alcHig  «(»'^&  pftoipAorta,  (ewial  pants^) 
in  a  retort  filled  with  hydrogen  ga9t  ^  wder  water  with  frequent 
agitation ;  the  oxide  is  reduoed  and  a  pboq[diuret  is  the  reaolt. 

(k.)  Proferti^Mnr-^BUu^;  e«9Jiiyoi9^  with  a  knife;  in  the  air,  it  ex^ 
hales  vapors  of  phosphorus. 

ti>8i«)phuret;  <jle&/<le3cal^IlAer^aldlon|^  in  some  cases  in  which  th^ 
proto-sulphuret  W9s  fprmmly  sMpposed  IP  be  ptoduced,  there  appears 
tp  be  merely  a  ^nixtnre  of  ^  per-  (ht  devlP^siilphiiret,  (dnnabar,) 
and  9u]ph^r  (^  noeroiuy,  or  both*  '  Of  ttns  desoriptioQ»  (aooording  to 
M.  Quibourti)  \§  i^iit  w98  fecmei^  called  «ihiq»  mineral;  but  Mr. 
Brande*  says,  that  this  qQiQpoway  if  Moperly.prepared,  does  not 
whiten  g^,  ix^Qn  inbbed  upon  il^  wUcb  protes  that  ihece h  nafiree 
mercury. 

1.  rrctor  0r  hhA  tiAphwf^* 

(a.)  .JPormed  iy  rvibhingi  vigorously,  in  a  gl^sa  or  poccdain  mortar, 
8  parts  of  Mi^^A^o^  1  pf  mere^try ;  or  iy  <k2(2m^  memiry,  at  bter^ 
vals  and  wiith  i^tl^tion,  to  in  pwn  weigto  of  mditd  ndjpfaor.f 

(6.)  A.  proto-tuhhured  U  imd  0  h^  firmed  bypatmtg  m^huret^ 
fed  i^drogmgiit  mrough  pmier^  eofoeiel,  suspended  in  proto- 
niirate  of  mercMrys  dimlved  m  water ;  but  in  bodi  cases,  mevcoty 
is  obtained  &pm  it,  by  vm^  pressure^!  and  meroury  and  cinnabar 
by  sohiioiatie^,  (sulfjmoiis  i^id  and  sulphuretted  hydrogen  being 
also  exhaled)  ;^  hence  it  b  concluded  that  the  black  precipitate  is 
roer^y  i^  mature,  ^s  before  slated*  Some  remarks  may  be  added, 
after  the  red  su^huret  or  ciQnebar  has  been  mentknied. 

3.  Heutih  or  per-  or  bi^ph^ret-->^'<m^^ 
first  three  are  names  of  system,  the  last  two  of  commerce  and  theiurts. 

(a.)  Farmatian. — By  subliming  the  bhek  substance  (pro^(Mti^ 
fMUret)of  either  of  the  abore  processes;  lAemblmateuri^ 

(6.)  For  an  experiment,  in  the  small  way,  to  1  part  of  waited  ni^ 
phur  add  4  of  mercury ^  with  agitation ;  if  the  mixture  takes  fire, 
cover  the  crucible ;  when  cold,  pulverize  and  sublime  the  mass  in  a 
Florence  flask,  or  better  in  a  matrass  with  a  long  neck,  the  heat  bemg 
^dually  raised  to  redness.  It  is  superfluous  to  rectify  the  cinnabar 
six  or  seven  times,  by  as  many  subkmations,  ux  succession,  as  some 

•  Eng.  Quart.  Joar.  Vol.  XVIil,  p.  29^. 

t  The  union  b  auick  and  intimate,  for  no  metallic  globules  are  perceived  by  the 
microscope,  as  In  we  former  instance. 

t  TIAb  dpes  not,  boweverj^  prove  (hat  the  mercury  was  free  before  the  pressure, 
since  many  compounds  are  decomposed  by  a  slight  pressure,  and  their  elements  are 
freed  or  pass  into  new  combinations,  as  is  the  case  with  most  fulminating  prepara- 
tions, which  are  still  regarded  as  chemical  compounds.  See  Brande.  in  Eog.  Quar. 
Jour.  yd.  XVHI. 

§  Ann.  de  Chim.  etde  Phys.  Vol.  I,  p.  424.    Laugier,  Cours,  &c.  Vol.  II,  p.  814. 
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chemists  recommend ;  for  when  it  has  been  weD  performed,  the  pro- 
duct is  very  pure  and  beautiful,  after  the  first.*  For  the  purposes 
of  the  arts,  this  cinnabar  is  manufactured  on  similar  pnnciples,  in  the 
large  way,  especially  in  HoUand.f 

(c.)  Froperties. — Color  scarlet,  with  a  degree  of  briDiancy,  de- 
pendent on  the  mode  of  preparation;  sp.  gr.  about  10.;  tasteless; 
unaltered  by  the  air ;  bums  with  a  blue  flame. 

{d.)  Deeompoied  by  heating  it  tcith  2  parts  of  iron  filings  and 
many  other  metals,  or  with  fixed  alkalies  and  alkaline  earths,  which 
engage  the  sulphur,  while  the  mercury  is  vaporized. 

(e.)  Loses  tts  color  by  trituration  vnik  stuphur  or  mercury,  becom- 
bg  black ;  detonates  by  passing  through  an  ignited  tube,  owing  to  va- 
por of  marcury;  very  little  affected  by  the  acids,  except  the  nitric 
and  sulphuric,  which  decompose  it  by  beat.| 

(/.)  It  occurs  native,  and  is  the  source  of  the  mercury  of  com- 
merce. 

(g,)  Composition. — Mercury,  1  equiv.  200-1-2  equiv,  of  sulfkur 
32SS-232,  its  equivalent.  Those  who  regard  the  black  sulphuret  as 
a  regular  comlwiation,  assign  to  it  1  equiv.  of  each  constituent  and 
make  its  number  of  course  216.  Mr.  Brande  is  of  the  opinion  that 
it  is  a  regular  compound,  in  definite  proportions.^ 

(A.)  Sulphuretted  hydrogen  acts  deadedly  upon  mercury  and  its 
combinations;  it  tarnishes  the  metal  and  precipitates  its  saUne  solu- 
tions black,  formmg  a  sulphuret,  and  when  heated,  bi-sulphuret  is 
sublimed,  as  ah*eady  stated.  The  alkaline  hydro-sulphurets  produce 
similar  efiects. 

VI.  The  acids  sustain  an  important  rdtUion  to  mercury.  AU  of 
them  either  dissolve  the  metal  or  unite  with  its  oxides;  and  connected 
with  their  action,  are  many  remarkable  and  interesting  phenomena. 

1.  Sulphuric  acid* 

(a.)  In  the  cold,  no  action. || 

(b.j  The  compounds  vary  with  the  proportions  of  the  ingredients 
and  the  strength  of  the  acid. IT 

•  Fourcroy. 

t  See  Ann.  de  Chim.  Vol.  IV ,  p.  26;  AUdns*  Diet.  Vol.  II,  p.  87;  Thtoard*8  Chim. 
6th  edit  Vol.  I,  p.  682 ;  Gray's  Op.  Chem.  p.  727. 

t  When  finely  pulverized,  it  is  known  by  the  name  of  vermilion^  and  is  much 
employed  in  the  nner  kinds  of  painting.  The  intenseness  of  the  color  being  inti- 
mately connected  with  the  purity  of  the  materials,  this  circumstance  becomes  a  test 
of  the  goodness  of  the  preparation.  It  is  used  also  in  medicine,  in  fumigations,  &c. 
When  adulterated  with  red  lead  this  not  being  volatUe  remains  in  the  vessel  after 
exposure  to  heat 


I  Employed  sometimes  to  purify  mercury,  because,  being  agitated  with  it  till  the 


I  English  Quart.  Jour.  Vol.  XVIII,  p.  292. 

jj  Employed  sometimes  to  purify  mercury,  b( , „  _„ 

acid  is  no  longer  discolored,  it  combines  with  the  foreign  metals,  while  the  pure  metal 
is  left. 

If  For  many  minute  and  curious  obsenratioDs  on  this  subject,  see  Fourcroy,  Vol. 
V,  p.  436. 
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1.  Profd-^phate* 

(a.)  Mercury  2  and  strong  sulphuric  acid  3,  mth  the  heat  of  a 
lamp,  or  of  a  (ew  coals,  emit  svlpnuraua  acid  gas,  (Vol.  I,  p.  313;) 
the  acid  is  in  part  decomposed,  and  the  mercury  thus  becomes  an 
oadde^  which  unites  with  the  rest  of  the  acid  to  form  a  mercurial  sul- 
phate. 

2.  Super-'sulphate  of  protoMe. 

{a.)  Some  free  add  remaining  upwi  the  white  wft,  i^  is  acridj  cor- 
rosive, deliquescent,  reddens  vegetable  blues,  and  does  not  become 
yellow,  either  by  hot  or  cold  water. 

(&.)  The  more  acid  the  more  soluble  it  u.f   . 

^.  Neutral  sulphate  of  protoxide, 

(a.)  The  super  stdphatCj  being  lidnviated  with  smaU  divided^  doses 
of  cold  water,  till  the  latter  ceases  to  redden  test  paper,  a  white  and 
neutral  svd'ohate  is  obtained,  nearly  insipid,  and  mild,  .uqalterable  by 
the  air,  ana  requiring  500  parts  of  cold,  and  287  of  boiling  water  for 
its  solution.  ; 

(i.)  Composition — (if  dry)  protoxide  1  e^ivalenf,  208+1  pfacid 
40=248,  its  equiv. :  (if  crystsJKzed,)  2.eqmv-  of  water  =  18=266 ; 
when  the  acid  is  m  excess,  it  does  not  appear  tliat  it  is  very  constant 
in  its  proportion.  , 

Sc.)  CrysiaHisses  trom  the  hot  solutipn  in  laminse  and  needles, 
d.)  With  pure  alkalies  avid  lim^  watery  the  precipitate  is  greyish 
black, 

(e.)  3!^  fixed  alkalies  precipitate  the  super-sulphate  yeUow,  but 
ammonia  throws  down  a  little  black  oxide  and,  aidicd  It^y  the  suii's. 
rays,  revives  a  part  of  the  mercury,  and  with  part  forms  a  triple 
salt. 

Boiled  J  for  a  long  time,  tUl  the  excels  of  add  is  entirisly  disdpated 
or  decomposed,  a  sulphate  of  the  per-  or  deutoxide  is  produced, . 

(/.)  if  this  salt,  or  either  of  the  sulphates  of  mercury,  is 
heated  to  a  certain  degree,  sulphurous  add  gas  wUl  rise,  the  salt 


*  This  salt  U  prepared  in  the  larjrc  way,  for  the  manufacture  of  corrosive  subli- 
mate and  calomel ;  for  corrosive  sublimate,  50  lbs.  of  the  metal  with  70  of  the  acid, 
are  boiled  in  a  cast  iron  pan,  to  form  73  lbs.  of  super-sulphate.  (Brando,  quoted  by 
Henry.)  For  pharmaceutical  purposes,  the  sulphate  is  always  prepared  in  this  way. 
The  neutral  proto-sulphato  is  obtained  with  great  ease,  by  adding  sulphuric  acid,  or 
better  an  alkaline  sulphate,  to  the  proto-nitrate  of  mercury ;  the  salt,  being  insoluble, 
is  promptly  precipitated. 

t  With  1-12  oi  its  weight  of  acid  in  excess,  it  is  soluble  in  157  parts  of  col^^  and 
S3  of  boiling  water. 

X  For  otherwise  it  would  become  yellow,  by  the  effect  of  the  heat  produced  by 
(he  water  and  acid.  It  is  said  that  a  neutral  sulphate  may  be  formed  by  boiling 
equal  parts  of  the  acid  and  water,  upon  mercury.  * 
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will  partly  subliine»  and  we  obtain  running  meremj,,md pm%  oiy- 
Sub-fer^^nipAate  ;  iub^^u^kaU  <f  dmO^  or  pen^otUkj  HofftA 

(g.)  ^Ae  tobfi  last  namedi  tlioroo(^  dried  bf  beat,  the  aeid| 
beiDg  all  removed,  be  wuhed  Vfkk  wUeTf  it  is  deannpoted  into  in- 
soluble  sub-  and  highlj  soluble  super-solpbate  of  mercury. 

(A.)  The  preeipUate  wiih  eoU  uaier  u  anfy  grteniek  yt^^ 
net  bandsome* 

(iA  I  bave  found  it  important,  dot  6lniy  te  hat«  the  ttd^te  ferj 
dry^  out  thoroughly  puiherized;  my  rutining  raeieurj  should  be  re- 
moved, hj  pounng  it  out,  or  if  not  practicable  to  remove  aM  in  this 
xny^  hj  corrosion  with  more  acid ;  if  it  is  then  UMuhed  uM  copious 
streams  of  boHing  untterj  and  edulcorated  by  cold  wmer,  a  beatttifal 
ydtow  powder  ii  produced^  formeify  and  sra,  called  ttupedi  nnn- 

U.)  The  water  takes  most  of  the  add^  and  a  swutUportbrn  of  the 
osBukj  and  thus  forms  a  solution  of  super^sulphste }  vm  ammonia,  it 
gives  a  dark  gray  precipitate.  A  litw  add  sdH  adfaores  to  the  ox-- 
ide,  and  forms  the  yellow  powder. 

(k.)  Properties.— Soluble  in  2000  parU  ofcoldy  andfiMefboil^ 
itig  water  $  sofaition  colorless;  decomposed  by  heat,||  priag  pure 
ukVit^n  gas,  and  mmnng  mwcury. 

Formerly  considered  as  a  pure  oxide  of  mercury,ir  but  it  is  evi- 
dently  a  sub-sulphate  ^**  for  when  dissolved  in  muriacic  acid,  and  ex- 
ammed  by  die  muriate  of  baiyta,  it  idways  ghres  traces  of  sulj^iurie 
aeid.ff 

Remarks  on  the  sulphates  of  mercury. 

It  appears  then  that  there  is 

1.  A  sulphate  of  the  protoxide  of  mercury, 

2.  «  peroxide  « 


*  By  itDpping  before  the  oxysen,  and  after  the  sulphuroiu  add  cornea  oirer,  die 
•alt  is  feund  in  (he  condition  of  yellow  aub-aolphate. — ^Fourcroy.  TUs  it  an  in- 
atmetive  fiKt  in  connexion  with  tte  liiatory  of  the  toipeUi  aiiMffal,  or  yeDow  aub- 
anlphate  of  mercnry ;  aee  the  text 

f  Whidi  may  be  prepared  by  adding  aulphate  of  aoda  to  the  aekitionefflie  nitrate. 

t  If  the  add  ia  not  ab  remored  preTionaly  to  Uie  waahing,  the  eotor  is  not  good, 
and  much  of  the  powder  is  dlMolred  by  the  water. 

{From  the  Tegetable  cooFdmlua  tarpeUivm,  wMeh  haa  a  almilar  eolor. 
In  an  earthen  ware  retort,  or  one  of  coated  glaas. 
mack,  Toi.  II,  p.  518. 
**  Dr.  Turner  and  Dr.  Thomaon  atate  the  compodtion  of  Uie  tnrpetfa  minerd  aa 
being  1  equiy.  of  add,  and  1  of  the  peroxide.    I  nare  not  seen  the  evidenoe  that  it 
contdna  ao  mudi  add,  which  appears  the  more  extnordhiary,  as  its  propertiee  do 
not  indicate  it,  and  the  analogy  with  odier  metaniG  decompoaltiona  by  water  would 
not  lead  us  to  expect  it 
ttFour.  YoLy,p.44I. 
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3.  That  the  sulphate  of  the  protoxide  may  be  either  a  super  or 
neutral  sulphate. 

4.  That  the  sulphate  of  the  peroxide  may  be  either  a  super,  a 
neutral,  or  a  sub-sulphate. 

Lt.  Hopkins  has  also  described  a  sesqui-sulphate  of  mercury, 
formed  from  the  turpeth  mineral.* 

2.  Sulphurous  acid. — JVo  action  on  the  metal,  but  the  red  oxide, 
by  contact  with  it,  becomes  white,  and  if  there  is  much  acid,  the  ox- 
iJe  is  reduced  in  the  sun's  rays,  and  sulphuric  acid  is  at  the  same  time 
formed*  If  there  is  but  litde  sulphurous  acid,  sulphite  of  mercury 
results. 

3.  J)/%iric  acid. — This  is  the  best  solvent  of  mercury  ;  the  action  is 
energetic,  and  produces  a  nitrate  of  the  protoxide  and  of  the  peroxide. 

1.  JSfitrate  of  the  protoxide. 

(a.)  With  the  common  nitric  acid ;  sp.  gr.  1.2  ;  the  action  com^ 
mences  in  the  cold^f  but  if  it  is  tardy,  it  may  be  begun  and  accele- 
rated by  heat. 

(&.)  The  single  aquafortis  of  commerce,  readily  dissolves  mercury 
In  the  cold,  and  is  capable  oftcicing  up  its  ovm  vfdght  of  the  metal. 
Place  mercury  in  excess  in  a  tumbler,  and  add  the  acid.|  There  is 
litde  action  at  first,  but  it  soon  begins  with  effervescence  at  the  sur- 
face of  the  mercury,  and  if  too  rapidly,  it  may  be  checked  by  im- 
mersion of  the  vessel  in  cold  water .<^  Thdnard,  remarks  that  the 
nitrate  obtamed  in  this  manner,  always  contains  some  hypo-nitrite,  and 
that  the  crystals  exhale  nitrous  acid  if  touched  with  sulphuric  acid. 

(c.)  Nitric  acid  3,  and  5  parts  of  water,  digested  with  mercury  in 

I  pure  proto-ni 

{d.)  Properties. — Crystals  transparent  white  prisms  ;  become  yd-- 
low,  and  charge  their  form,  by  exposure  to  the  air  ;  when  the  solution 
stands  just  as  it  was  formed,  with  mercury  in  excess,  crystalline  shoots, 

•  Am.  Jour.  Vol.  XVII,  p.  864. 

t  Not  however  if  the  acid  be  too  strong  or  too  weak. 

%  Mr.  Dalton  prescribes  500  grains  of  metal  to  1000  water  gndn  measures  of  acid, 
sp.  gr.  1.2    H. 

§  With  a  tall  vessel  and  mach  acid,  diluted,  and  in  the  cold,  the  solution  is  some- 
times finished  without  the  escape  of  a  bubble  of  gas ;  for  somo  Ume  at  least,  the 
nitric  acid  absorbs  the  nitric  oxide  ^as,  and  as  in  similar  cases,  becomes  green.  Vol. 
I,  p.  456,  but  ultimately,  unless  artificially  cooled,  the  fluid  grows  hot,  and  the  gas 
breaks  forth  at  the  surfece  in  red  clouds  of  nitrous  acid  vapor,  formed  by  the  nitric 
oxide  and  the  oxygen  of  the  air;  or  if  in  a  retort  the  gas  may  be  received,  colorless. 
In  air  jars.  The  expulsion  of  the  gas  destroys  the  green  color  of  the  solution,  and 
it  becomes  limpid. 

II  It  would  seem  however,  that  in  order  to  obtain  crystals  of  neutral  proto-nitrate, 
the  solution  must  be  slighUy  acidulated  with  nitric  acid,  otherwise  the  crystals  wUl 
be  those  of  sob-nitrate ;  water  hot  or  cold,  decomposes  these  salts  and  precipitates 
sub-nitrate,  leaving  super  nitrate  in  solution.  Mitscherlich  in  Ann.  do  Ch.  et  de  Ph. 
V.  XXXV.  p.  421. 

Vol.  II.  40 


excess  and  with  occasional  agitation,  yields  a  pure  proto-nitrate,  which 
aiibrds  crystals  by  spontaneous  evaporation.' 
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often  rise,  changing  their  form  from  day  to  day,  and  often  leaving  upon 
the  most  elevated  point,  a  globule  of  metallic  mercury. 

(e.)  The  solution  made  with  lieat  and  a  diluted  acid  is  of  a  light 
straw  color;  by  exposure  to  the  wr,  becomes  less  soluble  and  a  yel- 
low precipitate  falk.  The  solution,  made  in  tlie  cold,  is  colorless, 
heavy,  corrosive  and  tinges  the  skin,  and  other  organic  substances, 
of  an  indelible  purple  or  black.* 

(/.)  By  spontaneous  evaporation  it  affords  transparent  octahedral 
crystals^  wiUi  truncated  angles.f 

(g,)  This  solution  called  mercurial  loater,  is  used  in  svrgery,  as 
an  escharotic, 

(A.)  It  is  an  important  reagent  especially  in  detecting  the  muriatic 
acid,  in  the  analysis  of  mineral  waters;  for  this  purpose,  the  solution 
is  made  in  the  cold,  and  with  a  weak  acid,  when  it  can  be  diluted  with 
water,  without  decomposition ;  otherwise  a  sub-nitrate  is  precipitated. 

(».)  Composition*  The  neutral  proto-nitrate  contains  1  equiv.  of 
acid,  54+  I  of  equiv.  of  protoxide,  208  +  2  of  water,  18=280  its 
equiv. ;  and  the  sub-proto-nitrate  consists  of  protoxide  2  equiv.  =416 
+ 1  equiv.  of  acid  54=470  its  equiv.  Precipitated  by  potassa,  and 
soda,  and  their  carbonates,  black,  being  a  mixture  of  protoxide  and 
metallic  mercury ;  by  ammonia,  grayish  black ;  by  sulphate  of  soda 
or  sulphuric  acid,  white  ;|  by  muriatic  acid  and  muriates,  a  copious 
white,  caseous  deposit;  by  sulphuretted  hydrogen,  black. 

2.  Nitrate  of  the  peroxide — per-  or  deuto^nitrate. 

(a.)  When  mercury  is  boiled  in  contact  with  nitric  acid  in  eaicess,^ 
the  acid  is  decomposed,  emitting  copious  nitrous  fumes ;  the  metal 
Chen  takes  two  e^ivcdents  of  oxygen,  arid  becomes  a  peroxide  and  of 
course  a  per-nitrate  is  formed.  The  same  salt  is  produced  by  die 
spontaneous  action  of  concentrated  nitric  acid. 

(6.)  By  cooling,  the  solution  deposits  rhombic  prisms,  white  and 
transparent,  or  in  pearly  needles. 

(c.)  When  water  is  added,  most  of  tlie  acid,  with  a  little  oxide  re- 
mains in  solution,  as  a  super-per-nitrate,  while  a  little  of  the  acid  and 
most  of  die  oxide  falls,  as  a  sub-per-nitrate ;  vntli  cold  water  the  pre- 


*  According  to  Thrnard,  5th  ed.  Vol.  III.  p.  288,  neither  the  nitrate  or  hypo-nitrate 
of  the  protoxide,  produces  any  stain,  while  the  nitrate  of  the  peroxide,  stains  the 
sliin  blaclc,  and  the  hypo-nitrite  of  the  peroxide,  stains  it  red ;  it  would  seem  then 
that  our  mercurial  solutions  are  commonly  mixed,  far  acconling  to  my  experiencf , 
they  generally  stain  the  skin. 

t  Fourcroy  says  however,  (V.  Arytl.)  that  he  has  observed  them  of  four  different 
forms,  according  to  the  state  of  the  liquid. 

t  Granulated,  and  in  small  quantity ;  nor,  if  the  precipitant  has  been  spuringly 
used,  does  it  appear,  in  less  than  one  hour. 

§  If  of  sp.  gr.  1.2,  Mr.  Dalton  recommends  350  grain?  of  mercury,  to  1000  water 
grain  measures  of  acid- 
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cipitale  is  white,  becoming  greenish  yellow,^  witii  hot  water  bright 
yellow;  by  continued  washing  it  is  said  that  all  the  acid  is  removed, 
and  the  peroxide  remains.  This  was  formerly  called  nitrous  iur- 
peth  it  being  analogous  in  composition  to  the  otlier  turpeth.  Heat 
properly  regulated,  produces  a  shuilar  effect  with  the  pitrates,  and  the 
air  converts  the  proto-nitrate  into  the  same  substance. 

{d.)  Solution  of  the  per-nitrate  is  precipitated^  a  yellow  hydrate^ 
by  alkalies;  by  sulphate  of  soda  yeUowish ;  with  the  muriatic  acid 
and  the  muriates  there  is  no  precipitate,  if  there  is  sufficient  water  ; 
sulphuretted  hydrogen  gives  a  black  deposit^  and  recent  muriate  of 
tin  a  white.f 

(c.)  The  solution  of  this  salt  is  more  acrid  than  that  of  the  proto- 
nitrate  and  reddens  vegetable  blues. 

{f.)  Solution  of  the  per-niiratej  by  boiling  upon  more  mercury^ 
dissolves  a  portionj  imparting  oxygen  from  its  oxide  without  decom- 
posing the  acid,  and  thus  there  is  no  discharge  of  nitric  oxide  gas. 

{g.)  The  nitrate  of  mercury  sparkles  upon  burning  coals  ;  mix- 
ed wiUi  phosphorus  or  starch,  wiUi  a  hot  hammer,  it  detonates  vio- 
lently, and  the  mercury  is  reduced. 

(A.)  Composition,  Add  2  equiv.  108  +  1  equiv,  of  per-oocide 
216=324 ;  in  the  sub-per-nitrate,  these  proportions  are  reversed. 

Ammonia  forms  triple  salts  with  the  nitrates  of  mercury,  decompos- 
ing them  first  and  then  uniting  with  the  oxide  and  acid ;  tliat  of  which 
the  protoxide  is  the  basis,  is  composed  of  protoxide  88.95,  ammonia 
2.46,  acid  7.32,  corresponding  to  2  equiv.  of  nitrate  of  ammonia 
and  three  of  protoxide  of  mercury ;  that  of  wliich  the  peroxide  is  the 
basis,  is  composed  of  peroxide  81.53,  ammonia  4.68,  acid  4.33.|; 

Decomposition  of  tne  nitrate  of  mercury  by  heat^  to  form  the  red  ox- 
ide or  red  precipitate. — ^This  subject  has  been  chiefly  anticipated  under 
the  oxides.  It  is  sufficient  to  add  here,  that  the  red  precipitate  found  in 
the  shops  is  prepared  in  this  manner ;  the  nitrate,  prepared  with  heat 
and  excess  of  acid,  is  decomposed  by  heat  till  all  fumes  cease,  keeping 
tlie  heat  below  that  point  at  which  the  oxide  would  itself  be  decompos- 
ed. It  yields  180  cubic  inches  of  oxygen  gas  from  an  oz.  of  the  pre- 
cipitate, and  die  mercury  is  reduced.  It  is  not  used  internally;  it  is 
employed  as  an  escharotic,  and  in  chemistry  to  afibrd  oxygen  gas,  and 
in  forming  prussiate  of  mercury.     Its  composition  has  been  already 


*  A  small  redundancy  of  acid  prevents  this  prcctpilation. 

t  In  our  common  solutions,  both  nilratcff  being  more  or  Icsh  mixed,  (he  indications 
by  tests  arc  not  exact ;  but  solution  oi  common  salt  will  throw  down  all  (he  protox- 
ide in  tho  form  of  calomel,  and  then  |io(as»a  will  precipitate  the  peroxide  yellow. 

This  mixed  nitrate  answers  most  purimsc.H  in  chemistry,  and  in  (he  artt«,  as  in  felt- 
ing, in  making  citiou  ointment,  iu  blacking  the  hair;  kc.  (Laugier,  Cours,  &c.  V 
II.  p.  325. 

t  Ann.  dc  Ch.  ctdc  Ph.  Vol.  XXXV.  p  426. 
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given.    The  nitrates  of  mercury  precipitate  the  metal  upon  bp^t 
copper,  aud  upon  many  other  metals. 

4.  Phospharie  acid. — PhoMphate  of  tnereurv  ii  farmed  hy  doMe 
eoDchafige  between  the  nitrate  of  mercury  and  the  phosphate  of  soda.^ 

5.  Acetic  acid. — Acetate  of  mercury. — ^titrate  of  mercury  and 
acetate  ofpotassa  are  mingled  boUing  hot,  and  acetate  of  mercury  is 
thus  formed.  The  precipitate  must  be  washed  in  distilled  water, 
and  is  the  basis  of  the  celebrated  Keyser's  pill,  an  empirical  remedy. 

6.  Muriatic  add  has  Uttk  or  no  action  on  mercury;  but  by  a 
peculiar  action  with  its  oxides,  two  remarkable  compounds,  anciendy 
and  still  known  by  the  name  of  corrosive  sublimate  and  calomel^  are 
produced. 

Remarks. — There  has  been  a  fluctuation  of  opinion  regarding  the 
nature  of  these  bodies;  they  have  been  called  muriates,  and  the  dif- 
ference between  them  has  been  attributed  to  a  di£ference  in  the  pro- 
porUon  of  oxygen  in  the  oxides,  and  of  acid  in  the  muriates,  calo- 
mel being  supposed  to  be  a  muriate  of  the  protoxide,  and  corrodve 
sublimate  a  muriate  of  the  peroxide ;  the  former  has  also  been  call- 
ed sub-muriate,  and  the  latter  oxy-muriate,  and  super-oxy-muriate. 
Since  the  present  views  of  the  nature  of  chlorine  and  muriatic  acid 
have  been  admitted,  these  compounds  are  regarded  as  chlorides ; 
cabmel  is  a  proto-chloride,  and  corrosive  sublimate  a  deuto-  or  per- 
chloride,  and  they  become  muriates  only  when  in  solution,f  ot  when 
acted  upon  by  watery  agents ;  nor  even  then,  according  to  Berzelius. 

On  account  of  their  great  importance,  their  frequent  use,  and  their 
^dely  different  properties,  the  one  being  a  safe  medicine,  and  the 
other  a  virulent  poison;  and  as  the  systematic  names,  even  if  they 
should  be  changed  no  farther,  are  liable  to  be  easily  mistaken,  espe- 
cially by  uninstructed  persons,  it  is  obvious  that  the  old  names  should 
be  retained,  as  they  can  lead  to  no  mistake,  and  one  of  them  in- 
dicates the  virulent  properties  of  the  substance,  as  the  other  name 
alludes  to  the  mild  properties  of  the  corresponding  preparation.  life 
and  death  should  not,  in  prescriptions,  be  trusted  between  sub  and 
oxy,  or  superoxy;  or  proto  and  deuto;  or  proto  and  per,  which 
may  easily  be  misapprehended. 

VII.  Chlorine. — Chlorides. 

Remarks. — AU  that  relates  to  the  muriates  of  mercury  wiU  be 
given  under  the  chlorides  of  that  metal  which  are  the  most  impoitant 
of  all  the  metallic  chlorides. 

1.  Mercury  heated  in  chlorine  gas,  or  made  to  arrive  in  it  in  the 
state  of  vapor,  bums  vnth  a  feeble  blue  flame,  and  produces  per-chlo- 
ride  of  mercury,  a  substance  exactly  analogous  to  corrosive  subli-^ 
mate. 

*  It  w  Bometimes  used  in  forming  a  mercurial  ointment. 
\  Only  corrosive  bublimale  i:  soluble  ia  water. 
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In  treating  of  the  chlorides  of  mercmy,  it  will  be  most  convenient 
to  begin  with  the  per-chloride,  or  corrosive  sublimate^  as  the  proto* 
chloride,  or  calomel,  is  usually  formed  from  it. 

CHIiORIDES    OF   MERCURT. 

The  processes  for  these  compounds  are  numerous,  and  have  been 
often  varied. 

Corrosive  sublimate,  H-chlaridefper'cKlaride  or  deuto-cJiloride. 

Processes. 

(fl.)  To  a  solution  of  the  per-nitrate  of  mercury ^  (nitrate  of  per- 
oxide,) add  muriatic  acid^  or  any  dissolved  alkaline  or  earthy  mu- 
riate, and  muriate  of  peroxide  wH  be  formed,  which  by  evapora- 
tion will  be  obtained  as  a  solid  or  crystallized  chloride. 

(i.)  27lc  usual  process  of  the  manufacturers  is  to  form  per-sulphate 
of  mercury,*  by  dissolving  60  parts  of  the  metal,f  vrith  60  or  70  of 
the  acid,  which  gives  three  parts  of  super-sulphate  of  mercury ;  add 
and  intimately  mix  120  parts  of  dried  common  salt.  Some  add  10 
parts  of  black  oxide  of  manganese,  and  with  a  sand  heat,  gradually 
increased,  the  corrosive  sublimate,  63  to  65  parts,  rises  and  is  con- 
densed in  a  crystalline  mass,  in  the  dome|  of  the  vessel  *^  some  cal- 
omel is  also  formed  but  being  less  volatile,  it  is  condensed  below  the 
corrosive  sublimate,  and  is  easily  distinguished  from  it  by  want  of 
taste,  and  its  insolubility  in  water. 

(c.)  A  cheaper  process^  mix  equal  parts  dry  per-nitrate  of  mercu- 


*  This  is  known  to  be  in  the  condition  of  per-sulphate,  by  being  precipitated  yel- 
low by  pearlash  water,  instead  of  black. 

t  Some  add  one  fourth  as  much  black  oxide  of  manganese  as  mercury ;  its  oxygen 
may  aid  in  the  oxidation  of  the  metal,  or  in  the  decomposition  of  the  muriatic  acid 
to  liberate  the  chlorine. 

X  If  the  sublimation  is  performed  in  a  low  retort,  with  a  short  and  wide  neck,  in* 
to  a  largo  receiver,  using  a  quick  fire,  the  process  is  shortened,  and  the  sublimate 
is  not  liable  to  melt  and  run  back  upon  the  materials,  as  in  the  other  case. 

The  following  statement  of  the  decomposition  and  results  obtained  in  this  process, 
accounts  for  all  the  principles. 

The  quantities  required  for  mutual  saturation  are,  1  equiv.  of  bi-sulphate  of  mer- 
cury, containing  mercury  200  +  oxygen  2  equiv.  16=216,  or  1  equiv.  of  oxide  of 
mercury  +  acid  2  equiv.  80  =  296,  its  equiv. ;  and  chloride  of  sodium  2  equiv.  contain- 
ing 2  cquiv.  chlorine,  72+2  equiv.  of  sodium,  48  =  120 :  now  the  products  of  the  de- 
composition will  be  distributed  as  follows;  there  will  be  1  equiv.  of  bi-chloride  of 
mercury,  contaiuing  mercury  1  equiv.  200+  chlorine  2  equiv.  72 -=272,  and  sul- 
phate 01  soda,  2  equiv.  containing  acid  2  equiv.  80  +  soda  2  equiv.  64  =  144,  and 
144  +  272  «416,  and  296  +  120  =416.— See  Turner's  Chem.  8d  Am.  ed.  p.  058. 

§  Mr.  Brando's  process*  substituting  parts  for  pounds. 

II  I  have  found  this  process  to  succeed  in  the  small  way  much  better  than  when 
the  mercurial  salt  and  common  salt  are  used  alone ;  the  sulphuric  acid  of  the  cal- 
cined sulphate  of  iron,  appears  to  aid  in  the  decomposition,  and  we  never  fail  to  obtain 
the  corrosive  muriate  in  beautiful  white  crystals :  but  the  neck  is  sometimes  so  fill- 
ed by  them  that  the  vessel  is  cracked,  and  we  must  then  carefully  avoid  the  fumes, 
which  are  highly  noxious.  Corrosive  sublimate  having  been  firat  manufactured  at 
Venice,  was  called  Venetian  sublimate ;  the  process  was  by  400  parts  calcined  sul- 
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ry,  or  lurpeth  muieral  (yellow  sub^sulphate)  dry  commoD  salt,  and 
calcined  sulphate  of  iron,  and  sublime.* 

Properties  of  corrosive  sMimaief  birchhride  of  mercury. 

!a.)  When  sublimed^  a  white  translucent  mau,  in  beauttful  needles. 
&•)  Taste  highly  acrid  and  bumin^^  producing  a  constriction  of 
the  organs,  and  a  long  continued  metallic  taste;  a  virulent  poison  ;  a 
dose  of  a  few  grains  kills  ;f  it  corrodes  the  organs ;  externally  a 
caustic  or  escharotic.j;  In  medicine  not  more  than  ^  of  a  grain 
should  be  given  for  a  dose,  nor  more  than  1  grain  in  24  hours.  || 

phate  of  Iron,  200  ta]t  petre,  200  common  salt,  180  qiiicksilver,  60  of  the  readuum 
ofa  former  operation,  20  of  impure  sublimate,  moistened  with  the  impure  acid  dis- 
tilled over  in  former  procesnes;  and  then  proceeding  to  sublimation  by  a  sand  heat, 
in  glass  bolt  heads,  with  capitals  and  receivers.  So  complicated  a  mixture  would  be 
used  only  .for  cheapness ;  il  is  not  difTicult  however  to  explain  the  operation  of  the 
different  ingredients. — Gray's  Op.  Chem.  p.  730. 

*  The  red  oxide  of  mercury  uutes  with  the  muriatic  acid,  without  disengagement  of 
gas,  and  a  spontaneous  crystaiUzation  of  the  per-chloride  (corrosive  sublimate)  followa. 

t  Corr09tve  sublimate  as  a  poison. — A  family  having  been  alarmed  by  the  black 
color  of  their  tea  made  in  a  winter's  morning,  while  it  was  still  dark,  gave  some  of 
it  to  a  cat,  and  the  animal  was  soon  seized  with  violent  vomitinz :  they  then  found, 
on  examining  the  water  still  remaining  in  the  bucket  at  the  well,  that  it  was  discol- 
ored, and  contained  some  foreign  body,  and  the  water  was  brought  to  me  for  exam- 
ination. The  bottle  being  agitated,  the  water  appeared  as  if  ashes  were  suspended 
In  it  4  it  was  filtered,  and  the  clear  fluid  ^ve  a  dark  precipitate  vrith  sulphuretted 
hydrogen,  and  an  orange  or  reddish  precipitate  with  lime  water  and  alkalies.  Some 
of  the  solid  matter  remaming  on  the  filter  was  thrown  upon  burning  coals ;  it  rose  in  a 
white  cloud,  but  without  any  particular  odor;  some  of  it  was  heated  in  a  coated  glass 
tube,  when  it  sublimed  and  condensed  in  a  crystalline  coat,  acrid  to  the  taste.  Some 
of  the  grey  powder  from  the  water  was  heated  with  black  flux  in  another  glass  tube, 
and  globules  of  metallic  mercury  collected  in  the  colder  part  No  additional  evi- 
dence was  needed  that  the  substance  was  corrosive  sublimate,  and  other  facts  evinc- 
ed that  it  had  been  placed  in  the  bucket  with  the  intention  of  destroying  the  &mily. 
In  cases  where  the  quantity  is  minute,  it  is  readily  detected,  as  was  first  suggested 
by  Mr.  Silvester,  by  a  simple  galvanic  circle.  A  clean  zinc  fllate  may  be  coated 
with  a  piece  of  gold  leaf  and  a  drop  of  the  suspected  fluid  placed  upon  it;  a  metal- 
lic wire  is  then  made  to  touch  both  the  fluid  and  the  zinc,  and  in  a  short  time  (if  it 
contain  mercury ^^  the  gold  leaf  will  be  whitenpd  and  amalgamated.  I  find  this  meth- 
od very  delicate.*  A  laborer  in  this  place  mistaking  a  solution  of  corro^ve  sublimate 
for  rum,  swallowed  a  quantity  that  must  have  proved  fatal;  but  a  physician,  in 
whose  house  it  happened,  gave  him  instantly  a  solution  of  pearl  ashes  which  was 
at  hand,  and  the  corrosive  sublimate  being  decomposed  was  rendered  hannless.  A 
gentleman  in  Baltimore,  by  the  mistake  of  a  servant,  in  giving  him  a  solution  of 
corrosive  sublimate  for  cider,  has  recently  (Aug.  20, 1830,)  lost  his  life  ;  such  solu- 
tions should  never  be  kept  except  in  the  most  secure  places. 

Whites  of  eggs  turn  corrosive  sublimate  into  calomel  and  are  therefore  used  as  a 
remedy ;  farina  and  gluten  have  a  similar  eflect,  and  therefore  a  solution  of  starch 
or  a  mixture  of  flour  and  water  may  be  swallowed  with  advantage;  mucilaginous 
drinks  and  vomiting  are  auxiliaries.  Mr.  Orfila  killed  dogs  with  (loses  of  from  6  to 
12  grains  of  corrosive  sublimate ;  they  died  in  dreadful  convulsions  within  two  hours ; 
but  dogs  that  took  larger  doses  with  whites  of  eggs  vomited  and  recovered.  Cor- 
rosive sublunate  beaten  up  with  whites  of  eggs  was  rendered  innoxious. 

X  Used  externally  very  dilute  for  eruptions  and  sores. 

II  Mur.  Mat.  Med.  Vol.  II.  p.  205. 

*  Prof.  Griscom  finds  that  fiiction  of  a  drop  of  the  suspected  Ft1b^'tancc,  by  a 
rod  or  wire  of  zinc  or  iron  upon  a  strip  of  pure  gold,  aliout  one  third  9f  an  inch  wide, 
discovers  an  almost  infinitely  small  portion  of  mercury,  by  the  whiteness  which  it 
produces* 
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(c.)  SoMk  in  from  16  to  20  parts  of  water  at  60°,  tn  2  a/  212^, 
and  in  2  or  3  of  alcohol^  and  also  of  ether;  camphor  enables  these 
fluids  to  take  up  much  more  corrosive  sublimate.  By  evaporadon 
it  yields  cubes,  or  rhomboidal,  or  quadrangular  prisms. 

(d.)  Reddens  the  tincture  of  tumsol,  (litmus,)  but  the  color  is  re- 
stored by  the  muriates  of  the  fixed  alkalies^  and  earths;  it  turns  syr« 
up  of  violets  green. 

(e.)  Decomposed  by  several  vegetable  infusionsy  as  of  bark,  rhu- 
barb or  camomile,  and  by  several  compound  salts,  as  the  soluble  sul- 
phates, phosphates,  &c. 

(/.)  JVot  alterable  by  tlie  air,  or  by  light.  Soluble  at  70^,  in  half 
its  weight  of  muriatic  acid ;  becomes  solid  by  a  little  reduction  of 
temperature,  and  is  obtained  again,  unaltered,  by  evaporation. 

{^.)  Alkalies  and  alkaline  earths\  in  solutiony  give  a  yeUow  pre- 
cipitate,  soon  becoming  brick  red;|  ammonia  precipitates  it  white; 
this  precipitate  is  a  compound  of  1  equiv.  of  peroxide;  216  -|-  1  of 
muriate  of  ammonia  64;  it  is  called  in  pharmacy  the  white  precipi- 
tate of  mercury,  and  is  useful  as  the  basis  of  a  mercurial  ointment. . 

(A.)  Several  metals,  as  arsenic,  bismuth,  antimony,  and  tin,  and 
their  sulphurets  decompose  it  by  heat. 

(i.)  Uses. — In  refining  gold  and  silver;  in  museums  of  natural 
history,  to  preserve  the  articles  from  insects  and  vermin,  which  it  poi- 
sons ;  and  in  medicine,  as  has  been  stated. 

(y.)  The  solution  is  regarded  by  most  chemists  as  a  muriate  of  the 
peroxide  ;  and  it  is  generally  admitted  that  the  chloride  of  mercury, 
by  solution,  becomes  a  muriate,  and  the  muriate,  by  drying  or  crystal- 
lization, becomes  again  a  chloride;  the  theory  of  such  changes  was 
given  under  chlorine. 

{k.)  Sulphuretted  hydrogen  gives  a  dark  precipitate,  a  sulphuret- 
ted oxide. 

(Z.)  Composition, — Chlorine,  2  equiv.  72,  +  mercury,  1  equiv. 
200,  =  272  its  equiv.  A  triple  salt  is  formed  between  this  corro- 
sive muriate  and  muriate  of  ammonia,  formerly  denominated  sal 
alembroih,  or  salt  of  tlie  wise.  Other  triple  salts  are  formed  between 
it  and  die  muriates  of  potassa,  soda,  baryta,  and  magnesia,  by  all  of 
which  it  is  rendered  more  soluble. 

Chlorate  of  mercury  was  described  by  M.  Chenevix  in  1802 ;  it 
was  formed  by  passing  the  chlorine  gas  tlirough  the  red  oxide  suspen- 
ded in  water. 

•  See  Ann.  de  Chlm.  ct  dc  Ph.  Vol.  XXXIV.  p.  1 13,  in  which  BonsibflT contends 
that  corrosive  sublimate  is  an  acid,  and  formic  ncutrul  crystalHzablc  compounds. 

t  A  mixture  of  Hbout  300  parts  of  lime  water,  and  one  part  of  the  corrosive  mu- 
riate is  termed,  on  account  of  its  acrimony  phagadcnic  water,  used  for  cleansing 
the  skin  from  pimples,  &c. — Fmir.  Vol.  V.  j).  478. 

X  Thenard  gives  these  colors  in  the  opposite  order  ;  my  experience  U  Ftated  in 
the  text. 
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2,  Cahmel-'^oiO'chloride  of  mercury. 

Prous9e9. 

(a.)  Corrosive  sublimate  in  powder  is  rubbed^  in  a  glass  or  por- 
celain mortar  with  half*  its  wewht  of  mercury^  till  the  latter  disap* 
pears  ;t  sublimation  is  then  petformed^  m  a  glass  vessel  and  the  cal- 
omel will  form  a  crystalline  cake,  in  the  dome  of  the  vessel ;  some- 
times it  is  sublimed  a  second  or  third  time. 

ib.)  A  stdphate  of  protoxide  of  mercury  is  formed^  as  described 
er  corrosive  sublimate,  only,  for  50  lbs.  of  mercury  we  use  40  or  45 
of  sulphuric  acid,  stopping  the  action  when  peadash  water  gives  the 
black  precipitate  of  protoxide  instead  of  the  yellow  of  the  peroxide; 
the  common  salt  is  added  without  manganese,  and  the  calomel  obtain- 
ed by  sublimation. 

(c.)  Sulfate  of  thercuryj  being  formed  in  the  same  mode  as  for 
corrosive  suUimatCf  62  lbs.  of  this  salt  are  rubbed  with  40^  of  mer^ 
rcury,  till  the  latter  disappears ;  the  mixture  is  then  sublimed  with 
the  addiuon  of  34  lbs.  ol  common  salt,  and  from  95  to  100  lbs.  of 
calomel,  are  obtained. 

{d.)  If  the  diluted,  dightly  acid  proto-nitrate  of  mercury,  is  added 
to  a  solution  of  common  salt,  acidulated  by  muriatic  acid,  till  precip- 
itation ceases,  the  white  precipitate  is  calomel,  j; 

(e.)  To  prevent  the  possibility  of  the  mixture  of  corrosive  sublimate 
witn  calomel,  the  latter  is  finely  pulverized y%  and  washed  abundantly 
with  hot  vHUer,  till  it  comes  off  tasteless,  it  should  not  give  a  yeUow- 
ish  red  precipitate ;  if  any,  it  should  be  black. 

Propebtiss. 

(a.)  White f  insipid,  not  decomposed  by  heat;  volatile,  but  less  so 
than  corrosive  sublimate;  does  not  change  in  the  air;||  insoluble  in 

*  Equal  weights. — Gray. 

t  The  materials  should  be  slightly  moistened,  and  the  mortar  held  under  a  vent, 
or  at  least,  the  q>erator,  should  secure  his  nostrils,  by  a  hand  kerchief  tied  over  them. 

X  This  is  the  calomel  of  Sch6ele  ;  tho  faculty  have  found  it  sometimes  too  prone 
(d  produce  purging,  and  its  properties  have  not  been  uniform.  This  is  supposed  to 
be  owing  to  its  having  been  formed  from  a  per  nitrate,  which  in  the  usual  mode  of 
preparing  nitrate  of  mercury,  is  oAen  made  with  the  proto-nitrate,  and  therefore 
when  the  solution  of  salt  is  added,  the  water  of  the  latter  precipitates  sub-nitrate  of 
mercury  along  with  the  calomel.  If  the  latter  is  made  in  the  numid  way  from  the 
proto-nitrate  prepared  in  the  cold,  with  a  diluted  acid,  and  an  excess  of  mercury,  then, 
water  will  not  decompose  the  nitric  solution,  and  the  precipitate  will  be  calomel 
alone.  Corrosive  sublimate  is  also  formed  with  the  per-nitrate,  but  if  that  is  pres- 
ent, this  being  soluble  is  not  precipitated,  or  it  can  be  removed  by  washing. 

§  Calomel  is  easily  obtained  in  a  fine  white  powder,  by  subliming  it  in  low 
wide  retorts,  into  double  necked  receivers  filled  with  steam  ;  the  heat  prevents  &e 
condensation  in  the  neck  of  the  retort,  and  as  soon  as  it  meets  with  the  steam,  it 
falls  in  an  impalpable  white  powder ;  common  calomel  is  of  a  dead  yellowish  white. 
Gray. 

In  Howard's  improved  process,  tho  vapor  passes  into  water,  which  effectually 
frees  the  calomel  from  corrosive  sublimate. — j.  g. 

II  Usually  sUted  to  be  blackened  by  the  light,  but  this  effect  I  have  never  observed. 


MERCURY.  321 

water,  or  requires  2000  parts  to  1 ;  insoluble  in  alcohol ;  two  pieces 
nibbed  together  in  the  dark,  are  said  to  phosphoresce. 

(6.)  As  sublimed,  iii$  a  heatnf  dtdl  wniiemats,*  semitransparenL 
By  slow  sublimation  crystallizes  m  smaU  prisms. 

(e.)  Decomposed  by  various  compound  salts,  and  by  alkalies  and  a/- 
kaline  earths,  which  give  a  black  precipitate*of  protoxide  of  mercury, 
formed,  as  is  supposed,  by  the  decomposition  of  water  whose  oxygen 
goes  to  the  metal  to  produce  an  oxide,  and  its  hydrogen  to  the  chlo- 
rine to  form  muriatic  acid. 

(J.)  JSTot  soluble  in  muriatic  acid;  chlorine  and  nitric  acid  make 
it  pass  to  the  state  of  corrosive  sublimate. 

^e.)  Not  poisonous  ;  a  mUd purgative,  and  used  for  other  medical 
mdicadons ;  an  article  of  great  yalue.f 

(/.)  Composition. — Mercury  1  equiv.  200  +  1  eqaiv.  of  chlorine 
36=236,  its  equivalent.  Corrosive  sublimate,  has  2  equivalents  of 
chlorine,  which  appears  to  be  the  only  difierence  of  composition  in 
these  two  bodies,  so  closely  allied  in  constitution,  but  so  widely  oppo-* 
site  in  properties. 

The  salts  of  mercury  that  have  not  been  named,  may  be  formed 
either  direcdy  or  by  double  exchange;  all  mercurial  salts  are  decom- 
posed by  alkalies,  and  alkaline  eardis.  Ammonia  has  a  tendency  to 
revive  the  oxides,  which  it  precipitates,  and  it  sometimes  forms  triple 
compounds,  with  a  portion  of  the  salts,  to  which  it  is  applied. 

Bichromate  of  mercury. — Obtained  by  mingling  solutions  of  chro- 
mate  of  potassa,  and  acid  proto-nitrate  of  mercury ;  the  precipitated 
powder  is  washed  with  boiling  water ;  its  color  is  red,f  as  I  have 
observed  it ;  it  is  commonly  described  as  yellow. 

VIII.  Iodine. — ^There  are  two  iodides. 

1.  Prot-iodide. 

(a.)  Formed  by  mingling  hydriodic  add  or  hydriodate  ofpotas^ 
sa  with  proto-nitrate,  or  some  other  proto-salt  of  mercury. 

(6.)  By  heating  or  grinding  mercury  and  iodine  together ;  the 
former  process  is  the  best,^  and  the  latter  is  apt  to  produce  the  deut- 
iodide. 

(c.)  Color  a  fine  yellow,  and  it  consists  of  mercury  200,  1  equiv. 
+  1  equiv.  of  iodme  125=325  its  equiv. 

*  Sp.  gr.  about  12  or  more.    Fourcroy,  Dr.  Hope. 

t  *'  It  18  given  in  aflections  of  the  liver  or  neighbonng  organs,  in  eotaneow  diaeaaes, 
chronic  rheomatiam,  tetanus,  hydrophobia,  hydrocephalus,  and  febrile  aflections,  es 
pedally  those  of  warm  climates.    Its  anthelmintic  power  is  justly  celebrated ;  and 
It  is  perhaps  superior  to  the  other  mercurials,  in  assisting  the  operation  of  diuretics  in 
dropsy."— JtfttT.  Mat,  Med.  IL  209. 

t  A.  A.  Hayes,  Am.  Jour.  Vol.  XIV,  p.  144. 

§  For  a  class  experiment,  iodine  may  be  thrown  into  a  glass  tube  full  of  water, 
containing  pieces  of  phosphorus ;  on  warming  it,  hydriodic  acid  is  instantly  formed 
with  effervescence,  and  is  immediately  fit  for  the  precipitation  of  metals  from  their 
solutions. 

Vol.  n.  41 
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(a.)  Formed  at  above^  except  that  the  mercurial  solution  must 
be  that  of  a  per  salt ;  both  precipitates  being  soluble  in  excess  of  the 
mercurial  salts,  and  m  the  nydriodate  of  potassa,  we  must  take  care 
not  to  add  too  much  of  either.     Neither  of  them  is  soluble  in  water. 

(6.)  Cf  a  briUiant  red;  I  have  observed  that  it  becomes  more 
intense  by  standing  some  hours  in  the  fluid,  in  which  it  was  precipi- 
tated.   It  is  a  splendid  pigment.* 

(c.)  CamposUion — Mercury  I  ejuiv.  200  +  3  equiv,  ef  iodine^ 
350  s=  450  its  equivalent. 

IX.  Ctanuret,  (Prussiate  of  mercuiy.)  For  a  short  notice  of 
this  compound,  see  VoL  I.  p.  417.  It  will  be  mentioned  again,  in  a 
fuller  account  of  the  prussic  compounds,  under  animal  substances* 

I\dminaiing  Mercury. 

1.  DUeovered  accidentally  by  Mr.  Howard^  about  thirty  years 
since,f  while  he  was  operating  upon  oxides  of  mercury,  wjpth  nitric 
acid  and  alcohol. 

3.  Processes. 

(a.)  Process  of  Mr.  Howard. — 500  grains  of  mercury  are  dis- 
solved wUi  a  low  heat,  in  7}  measured  oz.  of  nitric  acid ;  after  the 
solution  is  cold,  3  dz.  measures  of  alcohol  are  added  for  eHch  100 
inraina  of  merciuy,  and  the  action  aided  by  a  gentle  heat;  a  white 
fume  appears,  ond  a  white  or  gray  powder  precipitates  as  the  action 
proceeds.  F^f.  Griscom  uses  with  success,  150  grs.  of  mercury 
ID  1^  oz.  of  acid  and  3  oz.  of  alcohol. 

(i.)  Dr.  JVoodhousejX  directed^  to  take  3  os.  measures  of  satu- 
rated solution  of  nitsate  of  mercury  in  water,  add  4  oz.  measure  of 
strone  alcohol  and  then  2  oz.  measure  of  strong  nitric  or  nitrous  acid. 

ic.)  Another  process.^ 
Q  my  own  experience,'  for  many  years,  the  following  arrangement 
has  never  failed.  Single  aqua  fortis  is  added  to  mercury,  in  excess, 
in  a  tumbler,  and  allowed  to  stand  over  night  in  the  cold ;  the  proto- 
nitrate,  thus  formed,  is  agitated  to  mix  the  solution  equally.  One 
measure  of  it,  in  a  large  tall  glass,  (a  quart  tumbler  will  do,)  is  placed 
under  a  vent  and  an  equal  measure  of  the  strongest  nitrous  acid||  is 
added  ;7  then  1  measure  of  good  alcohol  is  also  added,  cautiously, 

*  By  tublimatioD,  it  may  be  crystallized  in  rhombic  tables  of  a  fine  yellow  color ; 
the  slightest  friction  disturbs  the  molecular  arrangement,  and  the  color  changes  to  a 
splendid  scarlet. — ^a.  a.  h. 

A  periodide  is  left  in  preparing  iodide  of  cyanogen,  by  heating  a  mixture  of  iodine 
and  cyanide  of  mercury. — j.  t. 

t  See  Phil.  Trans.  1800.  X  Med.  Repos.  Vol.  V.  pa.  92. 

J  The  process  under  a  has  sometimes  failed  with  me  or  succeeded  only  partially, 
that  vndir  ft,  although  an  improvement  on  the  original  one,  is  attended  with 
too  violent  an  action  especially  towards  the  end,  which  diminishes  the  product. 
II  Such  as  is  described  Vol.  I,  p.  447. 

II  It  is  material  that  the  acid  should  be  added  first,  for  the  alcohol,  by  taking  the 
water  of  tlie  solution,  precipitates  the  nitrate,  ind  probably  decomposes  it  in  part 
into  sub-nitrate,  as  the  precipitate  is  usually  yctoow 
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by  Ittde  and  Uttte,  (lest  the  acid  should  act  too  violently ;)  no  heat 
If  ill  betieeded  |  in  a  few  minuted  little  explonons  will  be  heard  at 
the  bottom  of  the  glass  and  gas  wiU  rise  abu&dfttitly ;  more  alcohol 
m^y  be  required  from  ttode  (o  time,  to  keep 'the  abtibn  at  the  proper 
point)  which  is  that  of  a  lively  effervescence,  with  abundant  white 
fumes  flowing  over  the  lip  oi  the  vessel;  if  the  iiimes  become  red 
and  break  forth  with  violence,  more  alcohol  willJceep  them  down ;  on 
the  other  htfnd,  should  the  action  be  too  languid,  more  nitrous  acid  may 
be  supplied,  and  thus  the  operator  can  exactly  regulate  the  activi^ 
of  the  process ;  3  or  4  measures  of  the  aleohol  are  usually  employed 
for  2  measures  of  the  nitrate  and  1  of  the  acid.  When  the  powder 
that  is  formed  no  longer  increases,  and  especially  if  it  begins  to  di- 
minish, water  may  be  added  to  check,  and  finally  to  stop,  the  action.* 
TheprecipittUejhemg  liable  to  the  reaction  of  the  acid,  must  be  «m- 
mediately  collected  on  a  filter,  washed  with  pure  water  and  dried;  it 
Is  usually  done  by  the  heat  of  a  water  bath.f 

(d.)  Purijication. — Repeated  washings  vnih  cold  water,  upon  the 
filter,  are  generally  sufficient ;  there  is  some  loss,  as  the  substance  is 
moderately  soluble  in  cold  water ;  it  is  readUy  dissolved  in  boUinff 
hot  water  and  crystallizes  in  needles  by  cooling.  It  should  be  left 
to  dry  upon  the  filter,  which  shouU  be  laid  upon  coarse  papers  till  it 
ceases  to  moisten  them,  and  thon  secured  upon  a  board,  which  may 
reroab  over  night  in  a  warm  place.]: 

Properties* 

(e.)  A  white  or  gray^  powder;  often  in  smaU  distinct  erystab; 


*  The  alcohol  and  ea pedally  the  acid,  of  the  8h<ip8,  rarely  succeed  weU  in  fernv 
ing  fhlmfnatiDg  mercury,  and  almost  always  require  heat  which  it  is  desirable  to 
avoid;  when  of  the  hest  quality,  they  will  answer,  but  the  practical 'chemirt  will 
find  it  necessary,  for  thia  purpose  and  many  others,  to  prepare  the  acid  and  alcohol 
for  himself. 

t  From  100  grs.  of  mercury,  about  100  or  120  grs.  of  the  powder  are  obtained. 

t  In  the  morning,  the  paper  may  be  cautiously  taken  up  by  its  angles,  gently 
stretched  and  twisted,  and  the  powder  that  will  roll  off  may  be  received  on  a  clean 
paper,  and  if  there  is  occasion,  the  filter  may  be  farther  dned,  and  very  slight  fric- 
tion, as  by  a  quill  or  a  wooden  or  ivory  knife,  may  be  usisd  to  detatch  the  remainder. 
It  should  then  be  divided  into  a  number  of  parcels,  on  as  many  cards,  and  laid  sep- 
arately, so  that  etfch  should  contain  not  more  than  80  or  40  grains ;  a  very  slieht  press- 
ure, before  the  powder  is  quite  dry,  may  be  used  to  cause  the  lumps  to  crumble  down ; 
the  parcels  may  then  be  left  for  another  night  in  a  warm  place  and  thev  will  be  per- 
fectly dry  by  morning,  when  the  respective  powders  may  be  very  gently  moved,  by 
the  filaments  of  a  quill,  to  detach  the  crystals,  which  are  apt  to  be  in  little  clusters. 
Last  of  all,  several  of  the  parcels  may  be  cautiously  added  together,  in  a  case  of  paste- 
board, which  may  be  covered  by  a  loose  card  and  placed  in  security.  The  case, 
when  it  is  moved,  should  never  be  laid  in  the  palm  of  the  hand,  which  would 
be  destroyed  by  an  explosion ;  it  should  be  lifted  by  one  comer  or  the  edge,  with 
merely  the  thumb  and  finger.  It  is  not  uncommon  to  keep  the  powder  in  a  vial, 
stopped  by  a  cork,  or  in  a  wooden  box;  the  above  is  however  the  safer  arrangement 

4  The  gray  color  may  perhaps  arise  fit)m  minute  portions  of  metallic  mercunr ; 
in  bad  processes,  it  is  common  to  find  numerous  distinct  globules  milled  with  the 
fiilminatiitg  crystals. 


g34  MEBCURT. 

inodorous;  taste  metallic;  does  not  afiect  test  colors;  remains  im- 
cbanged  from  year  to  year ;  very  little  if  at  aU  afiected  by  the  li^ 

(f.)  Detonates  by  the  hammer  and  anvil;  the  contakiiDg  surfaces 
are  sometimes  indented.  It  explodesi  by  heat,  at  368^ ;  also  hfflmt 
and  steel,*  by  electricity,  by  galvanism,  on  burning  coals,  byfnetion, 
by  sulphuric  add;  not  more  than  from  3  to  5  grs.  ought  to  be  used 
m  these  experiments. 

(^•)  If  dry  sand  is  carefully  mixed  with  the  powder,  by  a  feather, 
it  will  then  scarcely  bear  any  pressure ;  a  litde  being  laid  on  an  anvil 
and  the  hammer  merely  moved  upon  it,  by  drawing  it  without  a  blow, 
will  produce  a  violent  explosion. 

(A.)  Ten  grs.  of  the  powder,  in  the  centre  of  a  7  inch  glass  globe, 
being  exploded  by  the  electrical  spark,  the  globe,  was  not  burst,  but  vras 
lined  with  metallic  meroury.f  if  the  powder  is  strewed  tlutHigh  a 
long  glass  tube,  1  inch  in  diameter,  (the  neck  of  a  glass  retort  answers 
very  well,)  it  may  be  fired  commonly  without  bursting^  the  tube,  which 
will  be  coated  over,  so  as  to  be  in  some  places  a  mirror. 

(t.)  The  inflammation  of  this  powder  does  not  kindle  grains  ^ 

Sinpowder,  mixed  with  it.  It  is  so  rapid  that  it  has  not  time  to  fire 
e  powder ;  it  throws  it  aside  and  the  grains  are  found  coated  with 
meroury.  Lay  a  train  of  gunpowder,  of  several  feet  in  length,  and 
a  parallel  one  of  fulminating  mercur3s  (which  is  easily  done  by  jarring 
it  firom  a  bent  card  and  shaping  the  train  by  the  feather  of  a  quill ;) 
connect  them  by  a  cross  train  of  gunpowder  and  fire  the  latter ;  the 
raerourial  powder  will  flash  vividly,  from  end  to  end,  like  fightning, 
and  the  gunpowder  will  bum  with  comparative  slowness. 

Lay  a  tram  of  gunpowder ;  then  continue  it  by  a  tram  of  mer- 
curial powder,  and  continue  this  last  vrith  another  train  of  gunpow- 
der; thus, 

GuDpowder.  Mercurial  powder.  Ganpowder. 

Fire  it  at  either  end ;  the  train  in  the  middle  will  explode,  but  that 

*  Stop  the  touch  hole  of  a  pistol  with  wood  or  wire ;  fill  the  pan,  cautiouily,  with 
the  fulminating  powder,  bv  pouring  it  from  a  bent  paper;  cloee  the  pan  with  a  pair 
of  pincers  and  fire  it  in  the  usual  way;  there  is  a  alight  explosion,  with  a  bright 
flash,  and  the  contiguous  parts  of  the  pistd  and  of  the  hand  are  coated  withmetalltc 
mercury.  Mr.  Howard  found  that  a  charge  of  it,  sufficient  to  propel  a  bullet  widi 
more  force  than  an  ordinary  charge  of  gunpowder,  always  burst  the  piece.  17  grs. 
did  not  bursts  fowling  piece,  and  the  ball  had  but  half  the  force  which  an  ordinary 
charge  of  the  best  gunpowder,  viz.  68  grs.,  would  have  given  it ;  84  grs.  of  the  ful- 
minating powder  tore  the  breech  of  the  gun  into  many  pieces.  In  cannon,  it  was 
found  to  have  very  litUe  effect ;  it  shattered  the  balls  to  pieces,  and  tore  the  inm 
box  which  contained  them. 

t  This  experiment  I  have  several  times  repeated,  with  the  same  result,  but  I  have 
known  it  to  burst ;  the  operator  should  therefore  be  at  a  distance,  and  may,  by  electric- 
al wires,  or  by  a  trafn  oi  gunpowder,  make  the  discharge  in  another  room. 

§  I  Itave  usually  held  it  in  my  hand  and  fired  the  powder  by  a  hot  iron,  but  as  it 
sometimes  bursts,  it  is  well  to  place  it  where  it  can  be  fired  by  a  k»g,  heated  iron  rod. 
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at  the  other  end  wiQ  remain.  Now  repeat  the  arrangement  and  fire 
it  in  the  middle,  and  neither  train  of  gunpowder  will  be  inflamed. 

(J.)  Its  force  is  irresistible  within  certain  small  limits,  but  the  re- 
vivification of  the  mercury  and  the  quick  condensation  of  its  vapor, 
very  much  circumscribe  its  efifects.  The  experiment  of  the  globe  and 
tube  {g.)  prove  the  latter ;  the  following  may  be  added.  Bore  a  hole 
in  two  blocks  of  firm  wood,  to  the  depth  of  three  or  four  inches  and 
of  the  diameter  of  a  goose  quill ;  charge  one  of  them  with  gun- 
powder and  the  other  with  the  mercurial  powder,  (by  pouring  it 
slowly  and  without  pressure  from  a  bent  card })  the  first  block  may 
be  fired  in  the  hand  and  the  powder  will  burn  only  with  rapid  flame; 
the  other  block  being  laid  behind  a  barrier  ana  fired  by  a  train  of 
of  gunpowder,  produces  a  violent  explosion,  which  tears  the  wood 
bto  fibres  all  around  the  hole,  for  a  space  of  three  or  four  inches  in 
diameter,  and,  perhaps,  rends  the  blocK*  in  pieces. 

Theobt. — ^I  shall  postpone  this  part  of  the  subject  until  we  come 
to  fulminating  silver,  which  is  a  compound  of  the  same  nature.  It 
will  be  sufficient,  for  the  present,  to  observe,  that  these  preparations 
are  true  saline  compounds  of  oxide  of  mercury  with  a  peculiar  acid, 
called  the  fulminic,  and  supposed  to  be  identical  with  the  cyanic.f 
It  has  carbon  and  nitrogen  for  its  basis,  and  this,  united  to  oxy- 
gen|  form  the  acid,  so  that  the  ultimate  elements  of  this  fulmin- 
ating preparation  are  mercury,  oxygen,  carbon  and  nitrogen,  and 
the  explosion  is  owing  to  their  reciprocal  action  and  the  products  that 
arise  from  it.  The  subject  will  be  resumed  under  silver  and  finish- 
ed under  prussic  acid  m  connexion  with  animal  substances. 

X.  Allots. — Mercury  unites  with  most  of  the  metcds,  and  the 
alloys  are  called  amalgams.^ 

General  properties  of  amxdgcans. 

Both  liquid  and  solid,  according  to  the  proportions ;  sodium  1  and 
mercury  1  form  a  solid ;  1 5  of  mercury  and  1  of  tin  are  fluid ;  when 
fluid  the  amalgams  are  less  so  than  mercury ;  when  solid,  they  are  of- 
ten brittle ;  color  white ;  exhibit  a  crystalline  structure ;  and  are  capa- 
ble of  crystallizing  in  definite  proportions ;  for  this  purpose,  they  are 


*  I  have  known,  in  two  instances,  piles  of  the  fulminating  powder  lying  uncon- 
fined  to  tear  a  hole  through  a  thick  board  or  plank,  (Am.  Jour.  Vol.  I,  p.  1^.)  In 
the  latter  case,  the  plank  was  an  inch  and  a  half  in  thickness.  The  pile  of  fulmina- 
ting mercury  (100  or  160  grs.)  was  covered  by  a  large  glass  bell,  which  did  not  touch 
the  powder,  but  it  somehow  exploded  at  the  moment  that  some  of  the  mercurial 
powder  was  flashed;  at  the  distance  of  a  few  feet  The  glass  bell  was  not  exploded, 
although  it  broke  by  the  fall,  nor  were  contiguous  persons  or  glasses  injured. 

Perhaps  the  powder  might  be  useful  where  a  great  initial  force  is  wanted,  as  in 
rending  rocks,  but  much  caution  is  necessary  in  preparing,  keeping  and  using  it. 

t  See  Vol,  I,  p.  417,  and  Am.  Jour.  Vol.  XVIII,  p.  337,  for  the  views  of  Dr.  Ellet. 

X  And  as  some  imagine  to  mercury,  for  it  has  been  supposed  that  the  acid  contains 
a  portion  of  the  metal  as  one  of  its  ekmentSy  but  Gay-Lussac  and  Leibig  regard  it 
as  stated  in  the  text.  §  From  a/ta  ya^o. 
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combined  by  heat  with  5  or  6  parts  of  mereuryy  a  pdrtioii  of  which  is 
distilled  Off  aqd  the  remainder  allowed  to  cool  slo^,  when  the  amal- 
gam t»7Stldlizes,  a  part  remaining  fluid;  all  are  decomposed  by  con- 
siderable heat,  and  some  spontaneously  in  the  air,  as  those  of  potas- 
sium and  sddium.*  Some  amalgams  are  made  by  mere  contact,  as 
of  gold,  silver,  tin,  bo.;  others  require  the  fiisian  of  the  solid  metal, 
and  others  still,  whose  meldng  point  is  above  that  at  which  menAny 
hoik,  require  particular  precautions. .  In  the  mmalgBms,  one  melal 
supplants  another,  so  that  the  affinides  for  mercury  are  diAsrent*  Mer- 
cury renders  most  metals  with  \^ch  it  unites  britde. 

i.  AitsvNtc  unites  with  mercury  by  long  agitation  oarer  a  fire« 

3.  Zivii  imiits  with  mercury,  either  by  tritnradon  in  a  mortar,  or, 
better,  by  fusion,  the  mercury  being  dropped  in.  In  die  usual  amal- 
gam, made  to  excite  electrici^,  the  prof^ottions  are  1  part  of  zmc  to  2, 
3  or  4  of  mercury ;  it  may  be  oecasionaUy  softened  by  trituration 
in  a  mortiir,  with  ot  without  the  addition  of  more  mercury.  A  better 
amalgam  is  made  of  equal  parts  of  tin  and  zinc,  and  as  much  mercury. 

8.  Bismuth.— ITfe  tcmoii  ia  easily  efftetedy  either  W  tritoratioo, 
Or,  by  pouring  hot  mercury  into  melted  bismuth.  With  3  of  the 
former  and  1  of  the  latter,  the  amalgam  is  at  first  soft,  but  becomes 
hard  |  by  slow  cooling  it  crystallizes ;  with  mercury  in  excess  it 
remains  fluid,  dissolves  lead,  stiD  remains  fluid,  and  may  be  filtered 
through  riiamoy  leather  without  decompositioni  With  this  amalgam 
(urtiich  ahhou^  solid  becomes  very  fluid  by  farther  amalgamation,) 
ntiercury  is  often  adulterated,  and  if  there  is  as  much  as  70  ot  80 
per  cent*  of  mercury,  the  fluiditj  is  not  much  diminished,  but  the  sp. 
gr.  is  too  small  and  it  draws  a  trainf  as  it  is  moved  on  glass.  It  is  pu- 
rified by  distiUadon.f    It  is  also  oxidized  more  easilv. 

4.  Tin  and  mercury  readily  unUe^  even  when  cold,  and  by  pouring 
mereury  into  melted  tin,  they  combine  apparendy  without  limit. 
With  1  tin  and  10  mercury  the  amalgam  is  very  fluid;  3  of  tin 
and  1  of  mercury  cmtallize  in  cubes  or  plates;  equal  parts  form 
a  soM  compound.  With  i  part  bismuth  and  4  of  mercury,  the  amal- 
gam is  fluid  at  a  very  low  heat,  and  being  applied,  warm,  to  clean,  dry, 
and  warm  glass,  it  adheres  and  forms  a  brilliant  coating;  it  is  thus 
that  glass  globes  are  lined.^ 

•  Thfenard,  Vol.  I,  p.  617. 

t  In  the  language  of  the  apothecaries  it  dragi  a  tail, 

t  To  try  the  purity  of  mercury,  dissolve  it  in  nitric  acid  in  iJie  cold;  water  then 
precipitates  the  white  oxide  of  bismuth,  but  not  the  mercury;  next,  precipitate  by 
muriatic  acid ;  collect,  and  dry  the  precipitate,  and  by  heat  expel  every  thing  volatile ; 
the  muriate  of  lead  will  remain  in  the  vessel,  but  the  muriate  of  mercury  will  sub- 
lime.— Foureroy. 

§  By  turning  the  globe  round  and  round,  the  whole  inside  may  be  thus  smeared 
with  the  amalgam,  so  as  look  like  a  metal  globe  highly  polished ;  but,  when  held  be- 
tween the  eye  and  window,  we  observe  that  it  is  covered  only  with  a  cobweb  of  the 
metal.— ^to^A,  Vol  II.  p.  560. 
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SUvming  (fffkui. — ^A  piece  of  tinfcHl  lying  on  a  table  is  covered  by 
quicksilver,  'Vfaich  is  gently  rubbed  with  a  hare's  foot  to  aid  the  union, 
and  when  ^his  happens  it  becomes  very  splendid^  and  is  said  to  be 
quickened;  the  glass  plate,  clean  and  dry,  is  now  cautiously  slid  upon 
die  tin  leaf,  so  as  to  sw^ep  off  the  redundant  quicksilver;  leaden 
weidits  n*6  then  am)lied  and  removed  as  soon  as  the  tinfoil  adheres. 
It  tiSces  2  oances  or  quicksilver  for  three  squaye  feet  of  glass.*  Some- 
times ihe  tinfoil  is  placed  on  the  glass,  9nA  the  mercury  upon  that ; 
the  redundant  quicksilver  is  swept  off  by  anodier  glass,  slid  over,  and 
pa^er  and  a  board  being  laid  on  the  tin,  it  is  strongly  pressed  with 
weights  to  {H'oduce  the  adhesion,  and  to  expd  air  and  superfluous 
mercury  $  the  plate  may  be  inclined  to  favor  the  draining. 

For  a  chiss  experknent,  a  neat  method  (^  silvering  a  glass  plate  is 
to  form  an  amalgam  of  1  part  bismuth  and  from  2  to  4  of  mercury, 
heated  together  till  the  mercury  begins  to  evaporate,  then  poured  into 
cold  water  and  strained  through  3  or  4  thicknesses  of  cloth;  place 
this  upon  the  tinfoil,  and  a  smooth  white  paper  on  it ;  the  glass  is 
laid  upon  the  paper,  and  the  latter  is  dexterously  withdrafi^ii  so  as 
not  to  displace  tne  amalgam,  and  the  glass  is  at  the  same  instant 
pressed  down  and  weighted,  and  soon  adheres-^^Prof.  IStohcock. 

5.  Lead  ttnites  toith  mercury  in  the  same  manner  and  proportions  as 
tin;  m  either  case  mere  contactf  with  the  bright  metal,  especially  with 
a  slight  frictbn,  is  sufficient ;  and  the  amalgam  is  fluid  or  compound 
aco(»rdmg  to  the  proportions;  it  is  white  and  brilliant,  and  when  com- 
^sed  of  1  part  of  lead,  and  1^  of  mercury,  is  susceptible  of  crystal- 
Uzation.l 

6.  Copp£B  has  litile  dispositian  to  unite  v^h  mercury.  It  may 
be  done  by  pouring  dilute  solution  of  nitrate  of  mercury  upon  cop- 
per, recenUy  precipitated  from  the  sulphate  by  zinc,  and  well  washed ; 
the  mercury  is  of  course  precipitated,  and  more  is  added,  and  tritu- 
ration produces  a  reddish  amalgam.— w^tJ^. 

7.  Antimony,  in  fine  powder,  by  trituration  combines  with  mercu- 
ry with  difficulty. 

XI.  PoLABiTT. — ^Like  other  metals  it  goes  to  the  negative  pole. 

XII.  Natural  Histobt. — Ores. 


•  Watson,  Essays,  Vol.  IV,  p.  240. 

t  lo  consequence  of  this  property  mercury  is  sometimes  employed  to  dissolve  a 
musket  ball  in  a  wound,  or  a  leaden  tube  or  probe.— BI.  II,  551. 

t  The  solid  amalgam  of  tin,  and  the  same  of  bismuth,  by  trituration  in  a  mortar, 
became  fluid,  and  if  this  is  done  in  the  palm  of  the  hand,  there  is  a  sensation  of  cold,  as 
great  as  is  produced  by  the  evaporation  of  alcohol.  A  rod  of  tin  standing  in  the  cold 
in  this  amalgam  is,  in  a  few  days,  corroded,  and  crystals  of  bismuth,  with  a  litUo  mer- 
cury will  adhere  to  it.  A  compound  of  equal  paits  of  the  amalgams  of  tin,  bismuth, 
and  lead  united  at  212^  and  exposed  for  a  few  days  to  frost,  will  exhibit  floating  crys- 
tals of  bismuth,  nearly  1-4  of  an  inch  long.  Aikin's  Diet.  Vol.  II,  p.  2.  A  fluid 
amalgam  is  composed  of  1  lead,  1  tin,  2  bismuth,  and  4  mercury. 
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Mercury  is  not  very  generally  diffiised,  it  is  found  at  Idiia  in  Hun- 
gary, at  Almaden  in  Spain,  in  Italy  and  Sicily,  in  South  America, 
in  the  East  and  Spanish  West  Indies,  and  very  small  Quantities  in 
France  and  Britain,  and  in  the  Duchy  of  Deux  Fonts,  ana  m  Siberia. 
It  occurs  native ;  as  an  amalgam  with  silver ;  as  a  muriate  called  horn 
quicksilver  or  corneous  mercury,  and  lastly  and  chiefljr  as  a  sulphu- 
ret  This  is  the  only  one  which  is  wrought.  It  varies  firom  dark 
brown  or  black,  to  bright  vermilion  red ;  usual  cobr  red.  Some- 
times it  is  crystallized. 

XIII.  Assay*  and  Extraction. 

In  both  the  assay  and  the  extraction  in  the  large  way,  the  native 
sulphuret  is  distilled  with  iron  filings  or  lime,  (in  £e  large  way  with 
lime,)  in  earthen  or  iron  vessels,  connected  with  glass  or  earthen  re- 
ceivers containing  water,  the  sulphur  unites  with  the  lime  or  iron,  and 
the  mercury  distils  over  in  vapor  and  is  condensed.  Even  the  na- 
tive mercury  is  usuaUy  distilled  to  separate  it  from  the  earthy  matters. 

At  Almaden,  in  Spam,  where  are  some  of  the  richest  mines  of 
mercurjr;  they  decompose  the  ore  by  a  rude  distillation,  in  a  furnace 
so  contrived  that  the  vapor  of  the  mercury  which  is  disengaged  by  the 
heat  is  conducted  into  a  cavity,  in  the  upper  part  and  on  one  ade  of 
the  furnace,  and  is  conveyed  into  aludeb  where  it  is  condensed.  No 
addition  is  made  to  the  ore  in  this  treatment.f 

XIV.  Uses. — ^They  are  for  the  most  part  sufficiently  obvious 
from  the  details  that  have  been  given.  Mercury  affi>rds  some  of  the 
most  valuable  articles  of  the  materia  medica,  and  all  of  any  note  have 
been  mentioned  in  giving  its  history. 

This  metal  is  eminendy  useful  to  science,  both  m  phyacs  and  chem- 
istry, and  is  used  by  the  anatomist  in  maldng  injections  of  delicate 
vessels  and  structures.  But  by  far  the  greater  part  of  quicksilver 
is  consumed  in  silvering  mirrors,  in  gilding,  and  in  the  extraction  of 
gold  and  silver  from  the  ores  and  mixtures,  in  which  they  are  found. 

Sec.  XXXIV. — Silver. 

Remarks. — Silver  and  gold  are  usually  called  the  precious  metals; 
from  their  being  used  for  coin,  in  modern  as  well  as  in  ancient  times, 
as  well  as  from  their  superior  beauty,  they  are  still  and  probably  al- 
ways will  be  regarded  as  precious.  TTl^y  are  also  called  noble  met- 
als; this  refers  not  only  to  the  reasons  just  stated,  but  also  to  the 
properties  of  malleability,  ductility,  inalterability  by  the  air,  even  (in 

*  It  maybe  radely  assayed,  by  strewine  the  ore  in  powder  on  a  plate  of  hot  iron, 
or  on  a  hot  briclc  and  covering  this  with  an  inverted  glass,  when  the  mercury  will  rise 
in  vapor  and  be  condensed  in  globules. 

t  For  details  and  drawings  of  furnaces,  see  Gray*s  Operative  Chemist,  see  also 
Watson's  Essays,  Black's  Lectures,  Aikin's  Diet,  Th^nard's  Chem.,  and  Fourcroy's 
System.  Mercury  comes  to  market  done  up  in  tanned  skins  of  several  thicknesses, 
corded  and  enclosed  in  small  wooden  casks.  It  also  comes  in  bottles  of  iron,  as  it  is 
little  disposed  to  unite  with  that  metal. 
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a  good  degree)  when  heated,  and  to  the  reducibleness  of  thebr  oxides 
by  heat  alone,  without  the  addition  of  combustible  matter.  If  these 
properties  are  characteristic  of  noble  metals,  platinum  has  every  daim 
to  be  eusodated  with  gold  and  sUveVj  and  there  can  be  no  objec- 
tion to  introducmg  it  as  a  coin ;  for  purposes  of  science,  it  is  ahready 
in  use,  and  also  as  an  ornament,  although  it  is  less  beautiful  than  gold 
and  silver.  In  the  sense  in  wluch  the  word  noble  has  been  applied 
to  the  metals,  we  must  include^  besides  gold^  silver  and  platinum^ 
nickd  and  palladium^  in  the  designation  y  noble  metals;  and  mer- 
cury and  cadmium  approximate  to  the  same  characters.  But  in 
common  language,  only  gold  and  silver  are  regarded  as  noble  or 
precious  metals. 

I.  History. — In  the  earliest  records^  silver  is  familiarly  mentum- 
edf  and  in  none  more  frequently  than  in  the  Scriptures;  excepting 
only  gold,*  the  highest  value  has  ever  been  attached  to  it.  The  al- 
chemists labored  long  and  perseveringly,  to  fabricate  it  from  the  baser 
metals  and  from  other  materials. 

II.  Name. — Latin  argentum;  Cheek  a^f ov ;  alchemistical  name 
Luna  or  Diana;  its  astrological  connexion  was  with  the  moon,  to 
whose  light  it  bears,  when  polished,  no  faint  resemblance.  Some 
epithets  derived  from  the  old  names  are  still  retabed,  as  Lunar,  for 
the  caustic,  formed  from  the  nitrate. 

m.  Pboperties. 

(a.^  Whitest^  of  the  metals,  and  when  clean  and  pure,  always 
beautiful,  whether  polished  or  not. 

(5.)  Lustre  inferior  only  to  that  of  polished  sted;  when  highly 
burnished,  nothing  is  more  agreeable  to  the  eye ;  when  soiled,  its 
lustre  is  easily  renewed. 

(c.)  Sp.  gr.  when  cast,  is  10.47;  if  hammered  10.61;,  rendered 
somewhat  more  dense  by  mechanical  treatment,  but  less  than  most 
metals ;  tasteless ;  inodorous,  even  by  fricUon ;  elastic  and  sonorous, 
especially  when  alloyed ;]:  not  hard,  easily  cut  by  steel,  but  it  is 
harder  than  gold. 

(d.)  MaUeahUity  inferior  only  to  that  of  gold;  silver  leaf  is 
T7?'TrT7t^  of  an  inch  in  thickness*,  and  is  blown  away  by  the  slightest 
breath  of  wind. 

(e.)  In  ductility,  after  ^old,  platinum  and  iron;  wires  can  be 
drawn  finer  than  human  hair ;  a  wire  of  yV^  of  an  mch  in  diameter 
sustains  240  lbs.;  a  little  copper  increases  its  tenacity;  less  however 

*  The  remark  is  of  course  restricted  to  substances  well  Imown  to  mankind ;  pla- 
tinum was  formerly  more  cosUy  than  gold,  and  potassium,  sodium  and  various  diem- 
ical  and  medical  substances  are  still  in  that  condition. 

t  Sometimes  tarnished  by  sulphuretted  hydrogen,  floating  in  the  air  and  ariaiDg 
fiom  animal  decompoeition. 

t  In  small  quantity,  adds  to  the  sonorousness  of  bell  metal,  as  already  mentioned. 

§  Ure's  DicUonary. 

Vol.  n.  42 
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than  is  found  in  silver  money;  the  alver  of  alver  wire  bears  a  higher 
value  in  commerce  than  common  coin ;  1  gr.  of  silver  will  cover  a 
wire  400  feet  long. 

(/.)  Fuses  in  a  full  red  or  white  heat  ;*  if  pure  it  mdts  vnih  a 
full  red  heat;  I  have  seen  thick  basins  and  crucibles  of  pure  ahrer 
melt  at  a  heat  short  of  whiteness,  and  a  plate  of  the  thinness  of  com- 
mon paste  board  will  melt  in  an  active  coal  fire.  When  in  fusion, 
if  the  metal  is  pure,  its  appearance  is  very  brilliant,  and  resembles 
that  of  a  polished  mirror ;  but  after  it  congeals,  it  is  of  a  dead  white ; 
in  becoming  solid,  it  throws  out  litde  shoots  or  branches,  and  some 
portion  is  thus  occasionally  lost;f  it  can  be  crystallized  in  octahedra 
m  the  usual  way. 

(g.)  Fixed  in  a  heat  not  much  above  that  at  which  it  melts,  but 
volatiiized  by  a  lens  ;  also  by  galvanism  and  electricity,  and  even  to  a 
degree,  by  a  very  high  furnace  heat ;  fumes  rise  from  it  when  urged 
by  the  blow  pipe,  which  color  a  piece  of  gold  brown,  when  held 
above,  and  the  solar  focus  volatilizes  enough  of  it  to  silver  a  lamina 
of  gold  placed  over  it,  (Laugier.)  It  is  also  found  in  the  chimneys 
of  die  silver  smiths.  { 

rV.  Relation  to  oxtgen. 

(a.^  JNot  oxidized  spontaneously  in  the  cold  air;  the  tarnished 
crust  IS  usually  a  sulphuret;^  slightly  oxidized  in  a  powerful  furnace, 
especially  if  touching  earthy  ||  matter  with  which  the  oxide  can  fuse 
into  a  glass. 

(&.)  Silver  leaf  and  trire  bum  briUiantly^unih  green  lighi^^  by  gal- 
vanism and  electricity. 

(c.)  In  the  focus  of  the  compound  blow  pipcy  silver  boUs,  evaporates 
and  bums;  tf  purcj  with  a  beautiful  white  light;  the  copper  alloy 
bums  green;  after  the  heat  is  raised,  the  hydrogen  may  be  shut  off, 
and  the  metal  will  bum  in  the  oxygen  alone.  If  vure^  tpjixes  with  a 
white  surface  ;  if  alloyed  with  copper  t^  will  be  black. 

Oxide. 

(a.)  Tliere  is  only  one  that  is  fully  established. 

(&.)  It  seems  almost  certain,  that  an  oxide  is  formed  when  the  gal- 
vanic or  electric  discharge  dissipates  silver  leaf  or  wire  in  colored 
fumes,  or  when  the  metal  bums  in  the  focus  of  the  oxy-hydrogen 
blowpipe,  but  it  is  not  easy  to  coDect  these  fumes;  probably  they  con- 
tain the  same  oxide  that  unites  with  acids. 

*  Commonly  stated  at  22^  of  W.  which  is  obviouslv  wrong,  as  this  corresponds  to 
8987®  F.  t  Hence  in  assaying,  they  allow  the  sUver  to  cool  very  slowly. 

t  The  current  may  however  carry  it  up  mechanically. 

§  Observed  to  scale  ofT  from  the  silver  images  in  old  churches,  owing  to  sulphur- 
ous nses  from  bodies  beneath  the  pavements. 

II  Silver  being  enclosed  in  porcelain  balls  and  intensely  heated  for  a  long  time,  ac- 
quired a  sufficient  supply  of  oxygen  gas  through  the  cracks  to  form  an  oxide,  which 
produced  a  glazing  of  a  yellowish  white  upon  Uie  porcelain. 

1i  Probably  owing  to  copper. 
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{€.)  The  oxide  is  eoiily  obtained^  by  decompoting  the  nitrate  of  sil- 
ver by  solution  of  lime  or  baryta^*  or  by  potassa  or  soda;  the  precip- 
itate IS  washed  aud  heated  to  low  redness. 

{d.)  It  ia  brown  or  deep  olive^  tasteless,  insolubh  in  waterf  does 
not  affect  the  vegetable  blues ;  not  altered  by  light;  it  is  readily  dis- 
solved by  ammonia  in  excess. 

(«.)  Composition.'^ — Silver,  1  equiv.  110+1  equiv.  of  oxygen, 
8  =5  118  its  equivalent. 

(/.)  Oxide  of  silver  is  reduced  to  the  metallic  state  by  heat  ahne, 
without  the  addition  of  combustible  matter,  oxygen  gas  being  expell- 
ed ;  this  is  one  of  the  attributes  of  a  noble  metal ;  combustible  mat- 
ter however  facilitates  the  reduction,  and  at  a  very  low  temperature. 

(g.)  It  appears  that  melted  silver ,  iffwe,  absorbs  and  retains  oxy- 
gen gas  fvhue  it  is  infusion  with  the  access  of  air,  but  gives  it  up  on 
congealing,  which  produces  the  jets  that  are  observed  when  this  metal 
becomes  solid;  if  while  in  fusion  it  be  plunged  beneath  a  ^lass  full  of 
water,  when  it  congeals,  it  emits  gas  of  which  80  per  cent,  is  oxygen; 
the  presence  of  ^\  of  copper  prevents  this  absorption  of  oxygen  gas 
from  the  air. 

V.  Water,  if  pure,  does  not  act  upon  and  is  not  affected  by  stiver; 
the  tarnished  j:  crust  produced  by  silver  plates  standing  m  common 
water,  is  owing  to  animal  and  vegetable  matter,  and  is  ordinarily  a 
sulphuret. 

VI.  Relation  to  combustibles. 

1.  Sulphur* — Sulphuret, 

(a.)  Silver  combines  toith  sulphur  and  phosphorus  ;  sulphur,  by fu' 
sion,  unites  readily  unth  silver;  for  this  purpose  thin  plates  are  strat- 
ified with  sulphur  and  heated  till  the  latter  melts. 

(b.)  It  has  been  already  mentioned,  that  silver  is  blackened  by  sul- 

Ehuretted  hydrogen;   its  solutions  are  precipitated  by  it  and  by 
ydro-sulpburets,  and  in  all  these  cases  a  sulphuret  is  formed. 

(c.)  Color  deep  violet,  almost  black  ;  lustre  nearly  metallic ;  opake, 
britde,  soft,  more  fusible  than  the  metal.  It  exists  native,  forming 
the  beautiful  lead  gray  ore  called  silver  glance  or  vitreous  silver,  which 
readilv  yields  silver  by  the  blowpipe  and  can  be  cut  by  a  knife. 

{d.)  Composition, — Silver,  1  equiv.  110,  +  sulphur  one,  16  == 
126  its. equivalent. 

2.  Phosphorus, — Pkosphuret. 

(a.)  Formed  by  fusing  phosphoric  glass,  charcoal  and  silver  to- 
gether. 

*  Baiyte  is  preferred. 

f  Dr.  Thomion  and  Mr.  Faraday  admit  the  existence  of  another  oxide  of  silver  in 
the  hlack  crystals  that  form  on  an  ammoniacal  solution  of  oxide  of  silver  exposed  to 
the  air.    Dr.  T.  supposes  it  to  contain  8  equiv.  of  silver,  -|-  2  of  oxygen. 

t  Silver,  as  we  have  it  in  spoons,  is  tarnished  by  mustard,  by  an  egg,  by  some  shell 
fish,  tec.    Such  phenomena  probably  often  depend  upon  a  galvanic  action. 
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(&.)  It  is  of  a  white  granular  and  crystallized  structure;  is  cut  by 
tbe  knife }  pboephcMus  is  volatilized  by  heat  and  silver  left. 

VIL  Acids. — ^Tbe  acids  that  act  most  remarkably  on  sihrer,  are 
the  nitric  and  the  sulphuric. 

1.  Sulphuric. 

(a.)  Jio  action  in  the  cold;  if  concentrated  and  boiled*  on  the 
metalf  sulphurous  acid  gas  is  given  out  and  a  vfkite  man  obtained; 
or  if  4  parts  of  acid  are  used  to  1  of  silver  in  shreds  or  grains,f  it  be- 
comes a  clear  dense  liquor. 

(5.)  The  snlphate  is  more  easily  formed  by  adding  sulphuric  add 
to  the  vfSisined  precipitate  from  nitrate  of  silverhy  carbonate  of  soda, 
or  by  adding  the  same  acid  or  any  soluble  sulphate  to  nitrate  of  silver. 

(c.)  £  if  a  dense  white  precipitate^  little  soluble  in  wtter  but  solu- 
ble in  an  excess  of  sulphuric  or  nitric  acid,  and  forms  a  clear  corrosive 
fluid,  with  a  distinct  metallic  taste. 

(d.)  From  the  solution  b  sulphuric  or  nitric  acid,  the  sulphate 
crystallizes  in  small  brilliant  needle-shaped  crystals^  soluble  in  ex- 
cess of  acid,  in  90  parts  of  water  at  60^,  and  in  less  at  boiling  heat,  so 
that  it  crystallizes  on  cooling. 

(e,)  The  sulphate  easily  melts^  and  in  a  strong  heat^  is  reduced 
completely,  with  the  emission  of  sulphurous  acid  and  oxygen  gas. 

(/.^  Decomposed  by  the  muriatic  acid  to  form  a  chloride ;  also  by 
alkalies  which  precipitate  the  oxide,  and  ammonia  dissolves  both  the 
sulphate  and  the  oxide. 

2.  Sulphurous  acid,  or  any  soluble  sulphite,  ybrmt  a  precipitate 
with  nitreUe  of  silver,  or  the  acid  dissolves  the  oxide ;  the  sulphite 
crystallizes  m  small  brilliant  grains. 

3.  Nitric  acid  is  the  appropriate  solvent  of  silver  and  is  almost 
the  only  acid  ever  used  to  dissolve  this  metal,  either  in  the  arts  or  in 
chemistry. 

(a.)  Jff'  concentrated,  it  does  not  act  on  silver ;  it  must  be  diluted 
with  from  2  to  4  parts  of  water ;  common  aquafortis  requires  an 

2ual  volume,  and  a  moderate  heat  to  begin  with,  or  if  hot  water  is 
ded,  no  other  heat  is  necessary ;  nitric  oxide  gas  is  abundantly 
emitted,  and  we  obtain  a  solution,  permanently  green,  if  there  be  cop- 
per ;  otherwise  the  green  is  transient.} 

*  Usine  in  a  silver  alembic  an  excess  of  sulphuric  acid  in  decomposing  fluor  spar 
for  its  acid,  I  have  more  than  once  corroded  the  alembic,  so  that  a  hde  was  eaten 
through  it;  the  heat  of  a  few  coals  were  applied. 

t  See  Lucas'  observations,  Ann.  de  Ch.  et  de  Ph.  Vol.  XII,  p.  402,  and  Chevillot. 
Id.  Vol.  XIII.  p.  299. 

t  Owing  to  the  nitric  oxide  gas  which  formsaereen  solution  with  the  acid.  BoO  a 
litUe  towards  the  end  to  dissolve  all  the  sUver,  and  if  gold  be  present,  which  is  not  «n- 
frequent  in  the  standard  silver,  it  remains  as  a  black  powder,  and  can  be  fused  with 
borax.  J^  svJphurie  or  mwiatie  acid  is  contained  in  the  nitric^  they  form  a  dense 
wkUe  coagulum  which  falls  and  should  be  saved  to  be  afterwards  reduced.    When 
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Properties. 

(6.)  Jff'tke  sUffer  and  add  toerepure^  the  tobxtixm  %$lmfid;  even 
in  extreme  dilution,  it  is  caiuticj  bitter  and  stjrptic ;  $tatn$  the  skin 
and  dead  animal  and  even  vegetable  matter  permanendy  black; 
it' stains  ivorv;  it  is  the  foundation  of  indelible  ink,  with  somedmes  a 
little  lamp  black.* 

(c.)  In  preparing  silverf  for  purificadon,  I  have  sometimes  dis- 
solved in  aquafortb,  25  or  30  dollars  at  once ;  the  acd<Hi  is  very 
vigorous  and  the  red  fumes  of  nitrous  acid,  the  boiling  green  or  blue 
fluid,  and  the  white  precipitate  from  the  muriatic  and  sulphuric  acid, 
usually  present  in  the  actd  of  commerce,  form  a  very  striking  con- 
trast;  the  concentrated  hot  solution  crystattizes  on  cooling;  the  crys^ 
tals  dioot  in  thin  rhombic  plates  and  frequently  diverge  like  afap; 
they  form  a  beautiful  group  in  the  midsl  of  the  blue  fluid,  and  the 
latter  may  be  turned  off  so  as  to  leave  them,  after  drying  by  bib- 
ulous paper  nearly  pure.}  The  salt  may  then  be  decomposed  by 
heat  and  the  pure  silver  obtained ;  the  fluid  contains  nitrate  of  silver 
with  nitrate  of  copper. 

(d."^  JVot  deliquescent  J  soluble^in4  parts  of  cold  water  jZnd  in  ]esB 
of  ooilmg. 

(e.)  Composition^  oxide  of  silver  1  equiv.  118  +  1  eqdv.  of 
acid  54=172  its  equivalent. 

(/.^  Fused  by  a  moderate  heatj  it  loses  not  over  1  per  cent,  by  part- 
ing with  water,  and  vfhen  cast  in  oiled  moulds  it  forms  the  lunarJK 
caustic  of  the  shops  which  is  very  convenient  for  chemical  experi- 
ments, as  it  enables  us  to  give  nearly  every  illustration  of  the  pro- 
perties of  the  salts  of  silver.  It  is  prepared,  by  evaporatbg  the  so- 
lution and  casting  it  in  moulds,  without  previous  crystaUization. 

the  action  ia  violent,  some  of  the  diver  is  carried  over  by  the  fumes,  as  appears  frooi 
the  white  precipitate  which  they  produce  when  passed  through  a  solution  of  salt  or 
muriatic  acid. 

*  Dissolve  2  drachms  of  pure  lunar  caustic  and  1  of  gum  arable,  in  7  drachms  of 
pure  water  and  add  a  little  China  ink;  this  is  contained  in  one  of  the  small  vials; 
of  which  two  are  usually  put  up  in  one  case ;  the  other  vial  contains  sub-cart>onate 
of  soda  dissolved  in  the  proportion  of  2  oz.  with  2  dr.  of  gum  arable,  in  4  oz.  of 
water;  (Quart.  Jour.  XXII,  407.)  with  this  we  first  moisten  the  surfKe,  and  then 
write  with  the  other,  which  is  nitrate  of  silver ;  the  alkali  precipitates  the  oxide  of 
silver  which  is  soon  blackened  by  the  light,  and  forms  a  permanent  union  with  the 
vegetable  fibre ;  it  is  indelible  by  washing  and  by  use,  and  perhaps  it  would  not  be 
easy  to  remove  it  by  any  agent  that  would  not  also  injure  the  substance. 

t  With  80  parts  of  nitric  acid,  and  8  of  pure  silver,  we  obtain  18  of  the  nitrate; 
and  10  or  1^,  if  the  same  weight  of  standard  silver  is  used. 

t  The  decanted  fluid  and  the  washings  will  of  course  be  reserved  as  they  are 
rich  in  silver  which  can  be  easily  extracted. 

§  Th^nard  says  "  soluble  &  pen  prds  dans  son  polds  de  I'eau  k  15®  (58®  Fah.)  et  dam 
moindre  quanti&  d*eau  bonillante.** 

[I  Lunar,  from  the  alchemistical  name  of  silver,  (Luna,)  and  caustic  firom  its  ac- 
tivity in  disorganizing  the  animal  texture.  It  is  the  neatest  and  most  convenient  of 
all  the  escharotics  and  is  frequently  useck 
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(g.)  It  defla^atet'with  ignited  charcoal;  lay  a  fragment  of  the 
solid  lunar  caustic  on  a  burning  coal ;  it  will  burn  vividly-  and  become 
covered  with  silver,  which  may  be  melted  into  globules  by  the  blow- 
pipe. 

(&.)  It  detonates  with  pho^hanu  when  smartly  struck,  and  with 
ndphurj  if  the  hammer  be  hot. 

(t.)  j^rediiiolvedfitcryttedlizei  anew;  the  liquid  nitrate  is  not  de- 
composed by  light,  if  in  a  close  vial,  but  in  the  atr  it  is  decomposed  by 
that  agent  which  also  blackens  the  crystals  and  the  lunar  caustic,  u> 
prevent  which,  the  sticks  of  the  latter  are  wrapped  in  paper.*  Filters, 
through  which  nitrate  of  silver  has  been  passed,  become  by  keeping 
entirely  black,  with  somethmg  of  the  argenUne  lustre. 

(y.)  Heat  totally  decomposes  the  nitrate^  even  without  combustible 
matter ;  nitric  oxide  and  other  gases  are  given  out,  and  silver  remains. 

(k.)  A  newly  melted  stick  of  vhospharuSf  tf  placed  in  a  very  dilute 
solution  of  the  nitrate^  is  in  hall  a  day  covered  with  minute  dendridc 
crystals  of  metallic  silver  ;  the  precipitate  is  dark  and  has  no  beauty. 

(/.)  Hjfdrogen  gas^  coming  in  contact  with  letters  written  withni- 
trate  of  sdver^  on  a  card,  or  with  a  figure  made  on  a  ribbon  with  the 
same  solution,  while  still  moist,  revives  the  silver^  and  produces  a  pleas- 
ing appearance,  which  is  however  more  striking  with  sulphuretted 
hydrogen  gas. 

(f».)  Fresh  burnt  or  newly  ignited  cAareooZ,  soaked  in  disuUed 
water,  and  aided  by  the  sun^s  rays,  or  by  the  temperature  of  212^  pre^ 
dpitates  the  silver ^  in  the  metallic  state,  from  the  solutk>n  of  the  nitrate ; 
the  crystals  in  the  sun's  light,  are  white  and  brilliant,  and  those  ob- 
tained by  heat  are  like  bright  flattened  wire.f 

(n.)  Silver  is  precipitated  from  the  nitric  solution  by  several  met- 
als :  the  precipitate  oif  mercury  has  been  called  the  ArborX  Diana. 

(o.)  The  old  process^  is  unnecessarily  complicated ;  all  that  is  ne- 
cessary is  to  drop  a  globule  of  mercury  into  a  dilute  solution  of  nitrate 
of  silver ;  in  a  few  hours  it  begins  to  shoot,  and  goes  on  augmenting 
for  many  days.  With  time  and  repose,  it  produces  a  beautiful  mande 
tree  ornament ;  I  have  often  obtamed  crystals  an  inch  in  length,  and 
as  large  as  a  knitting  needle,  and  innumerable  needles,  like  threads  ot 
hairs,  usually  form  a  tangled  thicket,  next  to  the  amalgam. 


*  A  very  minute  quantity  of  vegetable  or  animal  matter,  separates  metallic  silver 
from  this  solution.   Although  perfecUy  metallic,  this  powder  is  nearly  black.-A.  ▲.  h. 

t  Phil.  Trans.  Vol.  88.  p.  460. 

I  From  its  dendritic  appearance  and  from  Diana  one  of  the  old  names  of  silver, 
sometimes  substituted  for  Luna. 

§  The  usual  directions  are ;  amalgamate  by  trituration,  1  part  leaf  silver,  with  7 
of  mercury ;  put  a  piece  as  large  as  a  bean,  Into  a  bottle,  containing  6  drs.  of  satu- 
rated solution  of  nitrate  of  silver  with  4  of  a  similar  solution  of  mercury  diluted  with 
5  oz.  of  pure  water ;  repose  and  time,  will,  produce  a  beautiful  dendritic  crystalli- 
zation. 
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{p.)  Copper  uihemaHcamnummetaUic  precipitant  of  silver;  iimwt 
be  made  clean  and  bright j  which  may  be  effected  by  scouring,  or  more 
easily  and  perfectly  by  immersing  it  in  aqua  fortis  of  common  strength, 
and  at  the  moment  when  action  commences  all  over  the  surface,  it 
must  be  withdrawn  and  plunged  into  water  and  then  wiped  dry.  In 
this  statey  on  immersing  it  in  a  solution  of  the  nitrate^*  it  wiUbe  in- 
stantly  covered  with  a  beatuijid  metallic  grove  of  white  crystals 
of  silver.  A  bright  cent  or  a  copper  rod  may  be  used  in  this  experi- 
ment. The  silver  obtained  in  this  way,  after  being  thoroughly  wash- 
ed, is  regarded  as  pure  or  very  nearly  so,  and  this  method  is  used 
both  in  analysis  and  in  the  arts. 

{a.)  The  nitrate  is  decomposed  by  alkalies  and  earths^  and  by  their 
soluble  carbonates;  the  former  give  a  gray,  the  latter  a  yellowish 
white  precipitate ;  ammonia  re-dissolves  the  precipitate  and  becomes 
fidminating;  all  the  precipitates  from  the  soluble  salts  of  silver  are 
blackened  more  or  less  by  the  light. 

r  (r.).  The  sulphates^  muriates  and  phosphates^  and  all  salts  whose 
acids  form  with  silver  an  insoluble  compound,  decompose  the  nitrate, 
by  double  affinity. 

(s,)  A  sulhnitrate  is  formed  by  boiling  a  solution  of  the  nitrate, 
fvith  sUyer,  minutely  divided ;  the  solution  is  yellow  and  difficult  to 
crystallize,  but  shoots  into  fine  bladed  crystals  if  nitric  acid  is  added 
to  it.t 

FULMINATING  SILVEB  OF  BEBTHOLLET. 

(a.)  By  lime  or  barytic  water,  or  even  b]^  potassa  or  soda,  precipi- 
tate a  concentrated  solution  of  nitrate  of  silver,  formed  from  silver 
that  contains  no  copper ;  the  precipitate  will  weigh  rather  more  than 
the  solid  nitrate ;  edulcorate  and  dry  the  precipitate  thoroughly;  add 
the  oxide  in  the  proportion  of  10  or  12  grs.t  to  about  half  an  ounce 
of  pure  liquid  caustic  ammonia,  perfectly  tree  from  carbonic  acid ; 
after  remaining  10  or  12  hours,  the  powder  becomes  black,  and  in  part 
falls,  or  is  m  part  or  entirely  dissolved  by  the  ammonia ;  the  ammonia 
is  poured  off  from  the  black  powder,  if  there  is  any,  and  the  ammo- 
niacal  solution  is  left  to  evaporate  spontaneously;  in  10  or  12  days  a 
dark  pellicle  appears,  which  must  be  cautiously  removed  and  left  to 
dry  in  the  air,  in  separate  parcels  of  a  grain  or  two,  which  must  not 
be  touched,  after  they  are  dry. 


*  This  is  the  method  used  in  mints  in  the  process  of  parting,  as  it  is  called ;  nitric 
acid  separates  silver  from  gold,  which  it  does  not  dissolve,  and  then  copper  prebipi- 
tates  the  silver  in  the  metallic  state.  The  whole  of  the  silver  is  not  recovered  in  this 
way,  for  a  solution  of  salt  will  throw  down  a  curdy  precipitate  from  the  fluid,  after  the 
precipitation  of  the  copper  has  ceased ;  towards  the  last,  a  little  copper  goes  down 
with  the  silver,  but  it  may  be  separated  by  adding  more  nitrate  of  silver.  The  so- 
lution is  of  course  nitrate  of  copper,  and  this  forms  verditer,  when  lime  is  added  to  it. 

t  For  many  curious  particulars,  see  Nich.  Jour.  XV,  876,  and  Jour,  de  Physique, 
Tom.  LXII,  p.  219.  X  Not  more  than  2  or  8  gn.  should  be  prepared  at  a  time. 
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(&.)  TTiu  JuhnifUUing  powder  iff arnked  by  Aeaiingt^ 
ate  or  chloride  of  silver  and  pure  ammonia^  and  adding  fragments  of 
caustic  potash ;  when  eflfervescence  has  ceased,  the  black  fluid  must 
be  diluted  and  filtered  and  the  black  powder,  on  the  filter,  dried  in  the 
sun.  Care  must  be  taken  whenever  ammonia,  especially  if  mixed 
with  potassa  and  boiled,  is  brought  into  contact  with  the  oxide  of  sil- 
ver,  as  the  fulminating  compound  is  apt  to  be  formed. 

(c.)  It  ii  a  most  dangerous  preparaiionf  exploding  by  blood  heat^ 
by  the  touch  of  a  tube  or  even  sometimes  of  a  feather  ;  by  concussion^ 
produced  by  the  explosion  of  a  contiguous  portion,  and  often  vnthout 
any  knoum  cause;  U  explodes  even  under  the  fluid  in  which  it  is 
formed,  and  of  course  whUe  still  wet. 

(d.)  It  would  ^^emXo  be  composed  simply  of  ammonia*  and  oxide 
ofsUver^  and  that  the  detonation  must  result  chiefly  from  the  action 
of  the  oxygen  upon  the  hydrogen,  forming  steam,  and  tUs  is  sud- 
denly disengaged  along  with  the  nitrogen  and  the  metallic  alver. 

(e.)  Attempts  have  been  made  to  decompose  it  in  a  retort,  by  heat, 
and  nitrogen  gas  has  been  obtained  from  %ij  but  such  experiments 
are  extremely  hazardous  and  should  never  be  attempted,  nor  should 
the  young  chemist  meddle  at  all  with  this  preparation,  which  has 
caused  several  fatal  accidents. 

DETONATING  SILVEB  Or  DESCOTILS. 

Remark. — ^I  have  bng  prepared  this  dangerous  compound  by  the 
following  process,f  which,  in  fifty  trials,  I  have  never  known  to  fail, 
and  it  is  simpler  and  easier  than  the  original  one  of  M.  Descotils ;  I 
have  met  with  only  one  accidental  explosion,  the  cause  of  which  I 
wiU  presendy  state. 

(a.)  Take  100  grs.  of  good  lunar  caustic,  finely  pulverized  in  a  glass 
or  Wedgwood  mortar,  taking  care  that  the  eyes  are  protected,  and 
add  1  oz.  of  good  alcohol  and  1  of  nitric  or  nitrous  acid;  if  strong, 
there  is  an  immediate  action ;  otherwise  a  gende  heat  may  be  applied 
till  the  action  commences,  but  I  always  avoid  the  necessity  of  using 
heat,  by  preparing  a  strong  nitroUs  acid ;  the  gray  powder,  which  is 
floated  and  agitated  in  the  fluid  by  the  gas  that  is  evolved,  is  immedi- 
ately converted  into  white  flocculi,  when  we  throw  in  water  to  arrest 
the  operation ;  with  good  materials,  it  may  be  performed  convenient- 
ly in  a  tumbler,  standing  in  a  dish  to  catch  the  reagents,  should  the 
glass  break,  and  the  whole  should  be  placed  under  a  vent  Al- 
cohol may  be  used,  instead  of  water,  to  check  the  action,  or  if 
added  at  first,  by  litde  and  litde,  it  may  prolong  it  and  increase  the 


*  Or  poMibly,  ai  Dr.  Ure  sugffettfl,  of  the  oxide  and  nitroeen,  in  analogy  with  tibe 
chloride  and  iodide  of  nitrogen,  but  this  seems  hardly  probable, 
t  First  suggested,  I  believe,  by  an  Italian  chemist. 
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product ;  when  added  abundantly,  it  will  stop  the  action  as  effectually 
as  water.  Do  not  move  or  touch  the  vessel  during  the  effervescence^ 
not  until  the  water  or  alcohol  has  stopped  the  action  entirely,*  and 
proceed  in  every  step  with  the  utmost  caution ;  with  pure  cold  wa^ 
terj  edulcorate  the  precipitate  as  it  lies  on  the  filter,  and  dry  it  either 
in  the  air  or  on  a  merely  warm  chalk  stone  ;f  I  usually  employ  only 
10  or  20,  or  at  most  25  grains  of  tlie  lunar  caustic,  and  the  alcohol 
and  acid  in  proportion,  that  there  may  be  the  less  danger  in  case  of 
accident.  The  powder  produced  is  more  than  half  the  weight  of 
the  lunar  caustic  employed ;  it  is  soluble  in  36  parts  of  boiling  water, 
and  by  cooling,  it  is  obtained  in  crystals ;  it  has  a  disagreeable  taste 
and  blackens  the  skin.  The  residual  liquor  and  washings,  contain 
some  silver  which  may  be  separated  by  common  salt. 

(&.)  The  original  process  of  M.  DescotUsj  which  is  still  substan- 
tially followed  in  the  books,  is  to  add  alcohol  to  the  solution  of  nitrate 
of  silver^  and  apply  heat  while  the  silver  and  acid  are  still  act- 
ing on  each  other ;  40  grains  of  silver  are  dissolved  in  2  oz.  of 
strong  nitric  acid,  with  as  much  water;  2  oz.  of  alcohol  are  added, 
and  die  mixture  heated,  and  60  grs.  of  the  fulminating  powder  are 
obtained.^  From  much  experience  in  preparing  this  powder,  I 
should,  decidedly  recommend  the  process  under  (a). 

Properties. 

(a.)  Highly  explosive;  managed  vnth  safety  only  in  smaU  atumti" 
ties  of  a  few  trains  ;  detonates  by  a  heat  above  260^ ;  hy  the  slightest 
pressure  or  friction;  by  electricity  and  galvanism  ;  by  sulphuric  acid; 
by  the  spark  from  flint  and  steel  received  on  a  paper,  or  in  a  pistol  pan, 
the  touch  hole  being  plugged  with  wood  and  the  pan  caudously  shut  by 
pliers  or  forceps  ;§  by  a  train  of  gunpowder  with  fulminaung  silver  at 
one  end;  by  contact  of  hot  wire.  This  fulminating  powder,  as  well 
as  that  of  mercury,  is  rendered  much  more  energetic  by  being  made 
thoroughly  dry. 

*  Sometimes  the  portion  of  alcohol  mentioned  in  the  beginning  of  these  directions 
is  exhausted,  and  the  fulminating  silver*  involved  in  red  fumes,  stiil  bursting  forth 
from  the  large  bubbles  that  form  and  break  in  the  bottom  of  the  vessel,  adheres  to 
the  glass  in  an  almost  dry  state ;  tiiis  should  always  be  prevented  bv  adding  more 
alcohol,  because  the  fulminating  silver  may  be  decomposed,  and  perhaps  exploded, 
by  the  heat  generated  in  the  finishing  action  of  the  acid. 

t  I  refer  the  student  to  the  directions  slven  for  the  management  of  the  fulmina- 
ting mercury,  p.  818  of  this  volume,  only  observing  in  this  case,  still  more  caution  and 
dividing  the  powder  into  portions  of  4  or  6  grains,  which  should  be  kept  as  there  de- 
scribed and  in  a  dark  place ;  still,  I  find  that  in  keeping  around  the  year,  the  fulmin- 
ating silver  always  turns  superficially  black,  but  its  detonating  powder  does  not  appear 
to  be  materially  injured ;  it  there  is  a  little  pile  of  the  powder,  it  remains  white  ia 
the  interior. 

t  Cruickshank's  process  mentioned  by  Henry. 

§  Not  by  the  fingers ;  in  my  laboratory,  an  assistant  had  one  of  his  fingers  torn  by 
•hatting  the  pan  in  the  usual  way ;  some  of  the  powder  had  doubtless  lodged  between 
the  cheeks  of  the  pan,  and  was  exploded  by  the  pressure. 

Vol.  n.  43 
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(&•)  ^  by  a  gende  movement  with  a  feather,  it  %$  mixed  with  mmd 
on  a  piece  of  writing  paper,  iU  irritability  ia  mudi  increased;  if  this 
mixture  is  laid  on  an  anvil  (not  more  than  1  gram  at  a  time)  it  wiU 
not  bear  the  weight  of  a  hammer,  or  the  slightest  movement*  be- 
tween the  contiguous  surfaces,  without  a  bright  flash  and  a  sharp  de- 
tonation ;  the  operator  should  take  care  of  his  eyes,  for  the  simd  is 
projected  with  so  much  force  as  to  make  the  face  tingle. 

Comparative  experiments. — It  would  probablv  not  be  safe  even  to 
pour  the  fulminating  silver  into  a  hole  in  a  block  ofwood^  as  is  done 
with  fulmiuating  mercury,  but  we  may  compare  the  energy  of  these 
powders  with  each  other,  and  witli  gun  powder,  by  the  following 
simple  arrangement. 

(c.)  Cut  off  three  quills  at  the  junction  with  thevith;  stick  the  closed 
end  b  a  mass  of  doughf  placed  on  a  board ;  Jul  one  quill  with  gun 
powder^  another  with  fuminating  mercuryj  and  the  remaining  one 
with  fulminating  silver;  they  may  then  be  fired  by  a  hot  iron  wire  or 
ramrod ;  the  eun  powder  will  wliiz,  but  without  explosion,  as  from  the 
touch  hole  oi  a  cannon,  while,  the  other  powders  will  explode  vi- 
olently, and  tlie  fulminating  silver  by  far  the  most  so. 

(J.)  Lay  three  parallel  trains  on  a  wide  board  so  that  they 
shall  be  a  foot  apart ;  at  one  end,  connect  the  fulminating  powders 
by  a  cross  train  of  gun  powder,  and  at  the  other  end  of  the  board, 
let  the  train  of  gun  powder  extend  quite  across,  and  terminate  in 
branches,  united  in  a  common  train,  as  in  the  figure ;  fire  it  at  A ;  the 
train  of  fulminatine; 

silver  wiU    explode,      . Gunpowder. 

without    succession   .^ 

of  time,  although  3    | TaLSi/iw 

or  4  feet  long ;  the    ^ 
fulminating  mercury   ^ 

will  give'  an  instan-       ^  jF^*/.  Mercury. 

neous  flash  and  re- 
port, while  the  gun  powder  will  bum  with  comparative  slowness,  and 
the  portion  at  the  remote  end  of  the  board  will  not  be  fired. 

•  This  account  is,  I  am  aware,  very  different  from  that  given  by  M.  Descotila  (Ann. 
de  Chiroic,  Vol.  LXII,  p.  198,  and  Nicholson's  Journal,  Vol.  XVIII,  p.  141.)  who 
says,  **  that  a  blow  or  long  continued  friction  causes  it  to  inflame,  with  a  brisk  deto- 
nation. Pressure  alone,  if  it  be  not  very  powerful  has  no  effect  upon  it.**  I  can  ac- 
count for  this  statement  (so  dangerous  to  young  operatorty  and  wnich  has  been  ever 
since  copied  into  the  mant  respectable  elementary  treatises,)  only  by  supposing  that 
the  powder  might  have  contained  a  mixture  of  the  nitrate  precipitated  by  the  alco- 
hol, in  consequence  of  its  seizing  the  water  of  the  solution,  which  sometimes  hap- 
pens in  preparing  the  fulminating  mercury ,  or  that  the  precipitate  was  not  drv ;  it  is 
quite  certain  that  the  fulminating  silver,  when  properly  prepared  and  dry,  will  bear 
neither  pressure  nor  friction,  and  very  little,  even  when  wet 

t  Sand  and  moist  clay  are  thrown  about  to  a  distance,  to  the  annoyance  of  the 
spectators.  If  the  quills  arc  placed  in  holes  in  a  board,  the  splinters  are  apt  to  fly, 
and  I  have  found  no  support  so  good  as  dough. 


Ful.  Mer. 
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(e.)  The  same  thing  is  shewn  by  making  a  square  thus,  irith  op- 
posite trains  of  g7in  powder^  arid  of  the  two  fuU  j^  5,7^, 
mimxting  powders^  one  on  each  side ;  if  either  of  t 
the  latter  is  fired,  the  gun  powder  will  not  catch ;  1 
if  either  gun  powder  train  is  fired,  both  fulminating  a. 
trains  will  explode,  and  the  other  gun  powder  train  ^ 
will  be  untouched. 

(f. )  The  JUterSj  from  which  the  fulminates  of  silver  and  of  mercury 
have  been  removed^  still  contain  enough  to  explode  when  they  are 
held*  over  burning  coals  or  an  ignited  shovel  5  the  report  from  both 
is  remarkable,  but  from  the  silver  it  is  deafening. 

Composition  of  fulminating  silver  and  mercury  > — ^This  has  been 
elaborately  examined  by  Liebig,f  and  by  Liebig  and  Gay-Lussac,J 
but  at  present  only  the  conclusions  will  be  presented,  and  the  subject 
will  be  mentioned  again  under  Prussic  acid. 

(a.)  M.  Ldebig  has  found,  that  these  preparations  are  composed 
of  the  occides  of  the  metals^  and  a  peculiar  acid,  called  by  him,  the 
fulminic  acid;  that  they  are  therefore  true  saline  compounds  and 
that  the  add  is  identical  with  the  cyanic  add,  whose  basis  is  cyan- 
ogen, and  cyanogen  is  a  compound  of  nitrogen  1  equiv.  14,  and  2  of 
carbon  12=26  its  equiv.§  This  compound  base,  with  oxygen,  forms 
the  acid  in  question ;  which  is  composed  of  cyanogen  1  equiv.  26, 
+  1  equiv.  of  oxygen  8=34  its  equiv. 

(J.)  The  fulminating  silver  consists  of  1  equiv.  of  oxide  of  silver 
118  +  1  equiv.  of  cyanic  add  34=152  its  equiv,,  and  the  fulmina- 
ting mercury  has  a  similar  constitution,  substituting  oxide  of  mercu- 
ry for  oxide  of -silver. 

(c.)  JTie  fulminic  add  can  be  transferred  from  the  silver  to  mer- 
cury, and  to  the  alkaline  bases,  forming  true  fulminates,  but  in  the 
latter  case  the  salts  are  triple,  consisting  of  the  alkaline  base,  the  ox- 
ide of  silver  and  the  fulminic  acid. 

(d.)  The  explosive  powers  qfthefidminaiing  silver,  as  was  remark- 
ed with  respect  to  the  fulminating  mercury,  probably  depend  upon 
the  mutual  reaction  of  the  elements,  producing  aeriform  bodies  which 
are  suddenly  evolved,  and  their  evolution  is  not  improbably  connect- 
ed with  electrical  agency. || 

*  By  tongs  or  some  other  instrument. 

t  Ann.  de  Ch.  et  de  Ph.,  Vol.  XXIV,  p.  294.  t  Id.  Vol.  XXV,  p.  285. 

§  See  Vol.  I,  p.  417.  See  also  Amer.  Jour.  Vol.  XVIII,  p.  S37,  where  Dr.  EI- 
let  states  the  reasons  for  belieying  that  the  acid  contains  silver  as  an  element,  and  the 
same  view  is  extended  to  fulminating  mercury. 

H  Caution. — Although  It  is  now  sufficiently  known,  that  the  fulminating  siWer  ex- 

S lodes,  even  while  immersed  in  the  i!uids  in  which  it  is  forming,  it  may  not  be  supcr- 
tuous  to  mention  the  following  occurrence,  the  particulars  of  which  arc  stated  in  Dr. 
Bruce's  Min.  Jour.  Vol.  I.  In  July,  1811, 1  was  preparing  the  fulminating  silver  of 
Descotils,  and  the  materials  were  in  a  small  Wedgewood  basin;  there  were,  I  think, 
about  50  grains  of  lunar  caustic,  the  alcohol  and  acid  were  not  the  strongest,  and  a  little 
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VIIL  Chlorink  and  Muriatic  add. 

(a.)  Muriatic  add  has  little  or  no  action  upon  silver^  but  in  a  long 
time,  especially  with  heat,  a  muriate  or  chloride,  in  small  quantities 
is  produced }  silver  connected  with  zinc,  and  immersed  in  the  acid, 
becomes  negative,  and  is  then  corroded  with  more  rapidity. — h. 

(6.)  The  chloride  is  instantly  formed  by  mixing  muriatic  acid,  or 
muriate  of  soda  or  any  dissolved  alkaline  or  earthy  muriate,  with  any 
nitrate  or  other  soluble  form  of  silver,  when  an  abundant  curdy  pre- 
cipitate subsides. 

(c.)  Muriatic  add  and  nitrate  of  silver  are^  redprocaUyj  the  best 
tests  for  each  other;  all  natural  waters  (except  rain  and  snow  water) 
indicate  muriatic  acid  by  the  test  of  nitrate  of  silver ;  even  the  thumb, 
used  as  a  stopper  in  shaking  a  vessel  of  distilled  water,  imparts  mu- 
riate of  soda  enough  to  be  discovered  by  this  test.* 

Chloride  of  silver, \ 

According  to  the  views  at  present  entertained,  there  is  no  muriate 
of  silver;  muriatic  acid,  in  contact  with  oxide  of  silver,  becomes  chlo- 
rine by  giving  its  hydrogen  to  the  oxygen  of  the  oxide  to  form  water, 
and  the  chlorine  combines  with  the  metal  to  form  a  chloride. 

The  white  precipitate  just  mentioned,  is  now  viewed  as  chloride.^ 

Pboperties. 


heat  was  used  to  induce  the  mutual  action ;  I  even  ventured  to  take  up  the  dish  and 
look  at  the  contents  more  nearly,  and  had  this  been  all,  it  might  have  been  well ;  but 
I  presumed  so  far,  trusting  to  the  wet  state  of  the  mixture,  as  to  touch  with  a  glass  rod, 
some  of  the  solid  materisiis  that  seemed  to  adhere  to  the  bottom  of  the  dish,  and  not 
to  be  in  full  action ;  they  bore  the  slight  pressure  a  number  of  times,  but  at  last  explo- 
ded with  great  violence ;  the  dish  was  blown  into  innumerable  firagments,  none  of 
which  hit  ray  face,  but  my  head  and  eyes  received  a  violent  concussioa,  and  the  lunar 
caustic  and  nitric  acid  were  blown  into  the  latter,  so  that  I  was  thrown  into  immediate 
blindness,  and  sustained  great  suflTeriog,  and  a  confinement  of  a  month  in  dark  rooms, 
with  starvation  and  severe  depletions  of  every  kind  to  counteract  the  inflammation, 
I  was  so  far  favored,  that  the  iudidous  measures  of  my  physician  {Dr,  Eli  Ives)  were 
rendered  successful,  although  it  was  necessary  to  separate,  by  violence,  the  eyelids 
firom  the  eyeballs,  between  which  an  adhesion  had  cx>iAmenced,  and  had  begun  to  fix 
them  in  their  sockets;  1  was  partially  salivated  by  the  metallic  fumes,  proving 
that  this  eflect  is  not  confined  to  mercury,  and  I  now  record  this  accident  (which 
might  have  been  avoided,  and  was  incurred  by  presumption,  when  the  danger  was 
not  unknown)  that  others  may  act,  as  1  have  always  done  since,  and  bad  overdone 
before,  with  more  caution. 

Severe  and  even  fatal  accidents  have  too  often  occurred  from  the  fulminating 
metallic  powders.  They  are  sometimes,  very  improperly,  made  subjects  of  amuse- 
ment as  is  seen  in  the  Uttle  crackers  or  torpedoes  which  explode  upon  being 
thrown  upon  the  floor.  (See  Am.  Jour.  Vol.  I,  p.  168.^  A  twisted  paper  contains  the 
fulminating  silver  mixed  with  sand  to  produce  attrition,  and  to  disguise  the  powder, 
and  a  lead  shot,  to  give  it  momentum  when  it  is  thrown ;  still  to  a  person  unacquainted 
with  the  subject,  the  paper  presents  nothing  to  the  eye  but  a  shot  and  some  sand  with 
some  minute  white  noccuh  which  might  well  escape  the  eye  of  a  common  observer. 

*  Some  of  the  purer  mountain  waters,  such  as  that  of  Lake  George,  N.  Y.  affi>rd 
scarcely  any  indications  ofmuiiatic  acid  by  this  test.— J.  G. 

t  Chloride  of  silver  is  found  native. 
Still,  in  familiar  language  it  is  usual  to  call  the  white  curdy  precipitate  a  muriate. 
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(a.)  A  ddieate  test  of  lig;hi;  (see  Vol.  I.  p.  41.^  even  in  diffuse 
l^ht  it  is  soon  tarnished  of  a  purple  or  violet,  and  oecomes  eventu- 
ally black**  Gay-Lussac  thinks  that  this  is  owing  to  the  disengage- 
ment of  metallic  silver,  which  remains  when  ammonia  is  made  to 
dissolve  the  chloride. 

(ft.)  Fusion^  by  a  gentle  heatf  just  below  redness^  produces  a  gray, 
sectile,  tough,  flexible,  semi-transparent,  hornlike  substance  ;|  the  old 
luna  cornea;  by  a  higher  heat  it  is  reduced  on  charcoal. 

(c.)  Composition. — Silver,  1  equiv.  110,  +  1  equiv.  chlorine,  36 
=  146  its  equiv.  100  parts  of  silver  give  133  of  luna  cornea. 

(d.)  Absoluteb/ insoluble  in  toater;  soluble  vnth  heat^  in  muriatic 
acid  J  (and  in  no  other,)  from  this  solution  octahedral  crystals  are  ob- 
tained ;  the  solution,  if  diluted  with  water,  lets  go  the  chloride. 

(e.)  Soluble  also  in  pure  ammonia^  without  decomposition ;  evap- 
oration by  artificial  heat  gives,  at  first,  crystals  of  fulminating  oxide, 
which  cause  the  mixture  to  detonate  on  the  slightest  motion ;  we 
should  therefore  be  careful  in  managing  mixtures  of  ammonia  and 
chloride  of  silver. 

(yi)  Chloride  of  silver  is  formed^  in  large  quantities,  in  the  pro^ 
cess  for  purifying  the  metal ;  the  nitrate  already  described  i9  formed 
from  standard  suver,  and  decomposed  by  muriatic  add  or  by  muri" 
ate  of  soda;  when  the  quantity  is  large  the  precipitate  is  most  re- 
markable ;  it  falls  in  masses  as  dense  as  cheese  curd  ;  it  subsides  more 
readily  and  perfectly  than  any  other  precipitate,  and  the  fluid  becomes 
clear  as  soon  as  the  nitrate  is  all  decomposed;  the  precipitate  is  wash- 
ed abundantly  and  repeatedly,  with  boiling  hot  water,  the  masses  be- 
ing agitated  and  broken  up  to  allow  the  water  to  penetrate. 

(g,)  Even  when  there  is  no  longer  either  color  or  taste  in  the  wash' 
ingSy  they  may  still  contain  copper,  and  ammonia  is  the  test  for  deciding 
this  question ;  if  it  gives  a  blue  solution,  the  washing  must  be  again 
repeated,  till  ammonia  ceases  to  produce  an^  effect.  The  chloride 
may  then  be  dried,  and  kept  for  usCj  the  principal  of  which  is  to  af- 
ford pure  silver. 

(A.)  This  is  effected  by  fusing  it  in  a  crucible  with  2  parts  of  caus- 
tic fixed  alkali  j\\  or  3  or  4  parts  of  carbonate  ;  a  full  forge  heat  is  re- 
quired to  reduce  it,  and  the  silver  is  found  at  the  bottom  of  the  cru- 
cible.ir 

*  A  small  portion  of  vegetable  or  animal  matter  is  said  to  hasten  the  discoloration. 
-^.  G.  t  A  little  of  the  muriate  is  yolatilized  in  the  heating. 

t  Supposed  by  some,  to  be  the  flexible  glass  presented  to  the  Roman  emperor  Ti- 
berius ;  it  may  be  hammered,  cut  with  a  knife  or  scissors,  and  turned  on  the  lathe ; 
from  a  state  of  fusion  it  sometimes  crystallizes  in  octahedra. 

§  Several  other  white  chlorides,  as  of  lead,  bismuth,  &c.  are  insoluble  in  ammo* 
nia,  which  furnishes  a  means  of  separating  them. 

II  Or  one  fifth  quick  lime,  and  one  twentieth  of  charcoal  powder. 

IT  Having  repeatedly  reduced  silver  in  this  manner,  on  a  considerable  scale,  to  af- 
ord  silver  for  chemical  vessels,  I  have  never  discovered  any  copper  in  it  after  its 
purification. 
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(t.)  The  following  process  of  Arfwedson  is  recommended  by  The- 
nard.*  Place  the  moist  chloride  in  a  boiin  with  zincfilingt  and  dibtr 
ted  sulphuric  acid ;  the  hydrogen  evolved  from  the  decomposition  of 
the  water  detaches  the  chlorine  from  the  silver ^  and  liberates  the  latter ^ 
which  remains  in  the  form  of  a  powder.  By  trituration,  when  moist, 
with  zinc  filings,  it  becomes  hot  and  melts  mto  an  alloy.f 

(y.)  Chlorine  gas  ifwarm^  bums  silver  leafy  producing  a  chloride, 
exacdy  resembling  that  which  is  made  by  precipitation,  as  stated 
above. 

(k.)  A  chlorate  may  he  formed  by  passing  chlorine  gas  through 
water  in  which  oxide  of  silver  is  mechanically  suspended;  or  by  ad- 
dine  the  latter,  when  recendy  precipitated,  to  chloric  acid  ; 

(lA  Or,  by  digesting  chlorate  of  alumina  (formed  by  passmg  the 
chlonne  gas  through  alumma  suspended  in  water,)  with  phosphate  of 
silver,  made  by  mingling  pho^hate  of  soda  and  nitrate  of  silver. 

Properties, 

(m.)  Soluble  in  2  parts  of  hot  water;  on  cooling,  gives  white  rhomr 
botdal  crystals ;  soluble  in  alcohol;  fused  and  decomposed  by  heat, 
giving  out  oxygen  gas,  and  leaving  a  chloride ;  by  percusaon  on  an  an- 
vil,! with  half  its  weight  of  sulphur,  it  detonates  violently. 

Other  Argentine  salts. 

Carbonic  odd.*— No  action  on  silver  or  its  oxide;  a  carbonate 
b  however  easily  formed  by  decomposing  the  nitrate  of  silver  by  a 
carbonated  alkali ;  this  precipitate,  which  is  yellowish  white  and  black- 
ens m  the  light  is  easily  dissolved  in  almost  any  acid,  and  is  in  a  con- 
venient form  for  keeping  silver  for  solution  or  combination.  At  the 
end  of  a  year  it  is  found  partially  decomposed  and  contains  some  me- 
tallic silver. 

(a.)  Generally,  the  other  salts  of  silver  are  formed  by  digesting  the 
acid  on  carbonate^  or  oxide  of  sUver^  or  by  mixing  a  solution  of  a 
salt  containing  the  acid,  with  one  of  nitrate  of  silver. 

(6.)  Acetate  of  silver  isformed,  by  mixing  acetate  of  potash  and 
nitrate  of  silver  ^  or  by  digesting  acetic  acid  on  the  carbonate ;  it  crys- 
tallizes ETora  its  hot  solution ;  is  decomposed  by  light,  giving  metallic 
silver,  and  is  of  use  in  separating  nitrates  and  muriates. 

Cheap  solvent  of  silver.^ 

Nitre  1  +  8  or  10  strong ||  sulphuric  acid,  a  very  useful  solvent, 
to  recover  silver  from  old  plated  goods ;  with  a  heat  between  100^ 
and  200°  it  dissolves  |  or  ^  of  silver  without  touching  copper,  gold, 
lead,  or  iron ;  the  silver  is  precipitated  by  copper,  after  dilution,  or  by 

•  Vol.  III.  p.  381  Sth.  Ed.  f  Faraday,  Quar.  Jour.  VIII.  374. 

X  See  Chenevix's  Memoir.  Phil.  Trans.  1802. 

i  Nicholson's  and  Aikins'  Dictionary,  and  Philos.  Trans.,  Vol.  80. 
If  diluted,  it  will  dit»olve  (he  copper,  and  in  its  concentrated  state  it  dissolves 
some  tin  and  mercury. 
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muriate  of  soda,  and  !n  the  latter  case  it  is  recovered  in  the  usual  way 
by  fusion  with  alkalies.  Ferro  Prussiates  predpiiate  silver  whUe,  fte- 
coming  blue;  the  prussic  acid  gives  a  white  precipitate  like  the  chloride. 
Chromate  of  silver  is  formed  by  mingling  ehromate  of  potassa  with 
nitrate  of  silver  ;  it  is  of  a  dark  purple  or  carmine  red.  A  bichromate 
of  a  deep  red  color,  like  native  red  silver,  and  crystallized  in  a  doubly 
oblique  prism  was  obtained  by  spontaneous  evaporation,  from  the  flu- 
id remaining  from  the  precipitation  of  nitrate  of  silver  by  chromate 
of  potassa,  the  precipitate  being  removed.* 

IX.  loDiNE.^-Joaufe  of  silver  is  formed  by  heating  iodine  Ufith  the 
metal  or  better  by  adding  hydriodate  of  potassa  or  hydriodie  acid,  to 
solution  of  the  nitrate.  It  is  greenish  yellow,  insoluble  in  water,  and 
m  ammonia,  decomposable  by  potassa  with  heat,  and  composed  of  1 
equiv.  of  iodine,  126  +  1  of  silver  110=235  its  equiv. 

X.  AuLOYs. — Silver  unites  with  aU  the  metals  except  nickel. 

1.  Copper^  1,  and  silver  11,  form  the  standard  silver  of  Cheat 
Britain ;%  in  the  United  States^  the  silver  coin  is  composed  of  silver 
1485  to  copper  179,  so  that  the  copper  is  about  one  ninth :  in 
France,  silver  9,  and  copper  1 ;  this  alloy  being  harder  andfirwr 
er  than  silver,  wears  longer,  and  receives  a  more  perfect  impression  in 
coinage.    It  is  still  very  malleable  and  ductile. 

TAe  silver  utensils  and  ornaments  are  generally  made  of  standard 
silver,  and  are  fashioned  by  hammering,  as  silver  does  not  cast  well ; 
handles  and  other  irregular  parts  are  put  on  by  soldering,  and  the  beau- 
ty of  fine  silver  is  given  to  the  surface,  by  boiling  the  silver  in  a  copper 
vessel  containing  very  dilute  sulphuric  acid,\Yhich  dissolves  out  the  coi>- 
per  of  the  alloy  and  leaves  the  silver  of  a  dead  white ;  it  is  then  burnished 
and  exhibits  its  proper  beauty  of  color  and  lustre.  A  finer  silver  is  em- 
ployed for  silver  wire  and  leaf,  which  require  more  softness.  In 
France,  they  formerly  used  an  alloy  of  4  copper,  and  1  silver,  under 
the  nvLme  of  monnaie  de  billon ;  it  is  now  disused  for  coin;  silver 
utensils  in  that  country  are  composed  of  9  J  sdver  and  i  a  part  of  cop- 
per ;  trinkets  of  8  silver  and  2  copper ;  silver  solder  is  composed  of 
6  or  7  parts  of  silver,  and  3  or  4  of  copper. — Thenard. 


*  Phil.  Mag.  et  Ann.  Vol.  I.  p,  345. 

f  Nicholaon  (Diet.  Art.  silver,)  asserts  that  the  standard  is  15  silver  to  I  copper* 
Ure's  revision  of  the  same  work  says  12  1-2  silver  to  1  copper.  Dr.  Henry  states 
11.10  of  silver  to  .90  copper ;  1  lb.  standard  silver  is  coined  into  66  shillinj^. 

t  Silver  of  commerce  in  Great  Britain  contains  37  of  fine  silver  and  8  of  copper, 
or  9.78  per  cent,  of  copper.  The  fine  silver  obtained  by  cupellation  oilen  contains 
some  gold  ;  af^er  solution  in  nitric  acid,  the  gold  is  left  either  a  purple  protoxide  or 
black  peroxide. 

§  1  dollar  contains  416  grs.  of  standard  silver,  of  which  44  are  alloy ;  the  Troy- 
pound  contains  10  oz.  14  dwts.  4^3  grs.  of  fine  silver,  and  1  oz.  5  dwts.  19tV  g^^-  ^^ 
alloy,  and  is  coined  into  ISy-g  dollars;  or  13  oz.  standard  silver  are  coioed  into  1S> 
dollars, — Webster. 
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Silver  and  copper  in  equal  parts,  with  4  or  5  of  arsenic,  form  a 
white  and  still  malleable  metal. 

2.  LmA  and  silver  unite  apparently  in  every  propariionj  and  as  the 
silver  predominates,  the  alloy  is  harder,  whiter,  and  less  fusible  than 
pure  lead.  With  lead  7,  and  silver  1,  the  alloy  is  greyish  white, 
and  less  ductile  than  either  of  the  metals.  Upon  the  attraction  be- 
tween silver  and  lead  and  copper,  are  founded  the  processes  of  cu- 
pellation  and  eliquation. 

3.  Iron  has  tittle  disposition  to  unite  tnth  silver^  and  yet  I  have 
found  on  melting  silver  m  an  iron  ladle,  that  there  was  a  firm  adhe* 
sion  of  globules  of  silver  to  the  iron.*  We  have  already  mentioned 
(p.  275)  the  alloy  of  steel  and  silver. 

4.  Ztnc,  bismuthj  antimony^  and  some  other  brittle  metals  form 
with  silver^  brittle  cMoys  of  little  importance. 

5.  Tin  and  silver  produce  an  aUoy  whose  malleabiliQr  is  less  than 
that  of  the  metals  that  compose  it. 

6.  Mercury  unites  tnth  stiver  in  every  proportion^  and  heat  is  dis- 
engaged during  the  combination.  Silver  leaf,  rubbed  in  the  hands 
wiUi  (quicksilver,  immediately  forms  an  amalgam  which  is  soft,  pasty, 
or  fluid,  according  to  the  proportions.  With  1  part  of  silver,  and  8 
of  mercury,  the  amalgam  is  soft,  very  fusible,  and  crystallizes  easily : 
it  is  made  by  throwing  silver  filings  in  portions,  1  part  into  12  or  15 
parts  of  mercury,  heated  to  about  400^  Fah.  and  straining  it  through 
chamois  leather.  A  silver  coin,  dropped  upon  a  basin  of  mercury  is 
immediately  amalgamated,  and  if  worn  in  the  pocket  among  other 
cobs  of  ^Iver  or  gold,  their  surfaces  will,  in  a  short  time,  be  covered 
with  mercury. 

XI.  Miscellaneous. 

1 .  Earths.^- 7%e  oxide  of  silver  tiroes  earthy  matters  yellow. 

2.  PurifiaUion  in  the  arts. 

(a.)  Silver  is  scorified  withnitre;  or  heated  in  thin  plates  with  black 
oxtde  of  manganese,  and  then  mixed  with  3  times  its  bulk  of  pound- 
ed green  glass  and  melted. 

3.  Art  of  silvering. 

(a.)  Both  for  beauty  and  utility^  copper  and  brass  are  often  cov- 
ered oy  silver;  but  iron  more  rarely.  There  are  five  methods  of 
silvering.f 

1 .  By  amalgamation. — Silver,  precipitated  from  the  nitrate  by  cop- 
per, is  washed  and  dried ;  i  an  oz.  of  this  is  mixed  with  2  oz.  of  com- 
mon sah,  2  of  sal  ammoniac,  and  1  drachm  of  corrosive  sublimate ; 
they  are  rubbed  together  and  made  into  a  paste  with  a  littie  water ; 
the  vessel  is  cleaned  with  dilute  aquafortis  or  by  boiling  with  a  mix- 
ture of  common  salt  and  tartar ;  it  is  rubbed  with  the  paste  till  it  is 

*  For  a  curious  fact  on  Uiis  subject  see  Ann  de  Chim.  T.  XXXIX,  p.  206,  and 
Aikins*  Diet  Vol.  II.  p.  824.  f  Aikins,  Vol.  I,  p.  824. 
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covered  with  a  white  metallic  coat  which  is  an  amalgam  of  the  Ediver 
and  quicksilver;  it  is  washed,  and  dried,  and  heated  nearly  red,  to 
volatilize  the  mercury,  and  lastly  the  silver  is  burnished. 

2.  By  luna  cornea  or  chloride  of  silver;  mix  i  party  with  3  of 
pearl  ashesj  1  of  whiting,  and  a  litde  more  than  1  of  salt ;  rub  the  sur- 
face with  a  piece  of  an  old  hat  or  rotten  stone ;  moisten  it  with  salt 
and  water,  rub  on  some  of  the  composition  with  the  finger ;  then  wash, 
and  rub  it  dry  with  a  soft  rag ;  this  silvering  is  imperfect,  and  is  com«- 
monly  protected  by  varnish ;  it  is  used  for  dial  plates  of  docks,  scales 
of  barometers,  &c. 

3.  By  tiher  in  subitance, — Copper  may  be  silvered  by  rubbbg  its 
clean  surface  with  2  drachms  of  tartar,  2  of  salt,  i  dr.  of  alum  and 
15  or  30  grs.  of  precipitated  silver ;  rub  the  surface  with  leather  to 
polish  it. 

French  pkuing.'^'BunnBh  down  upon  the  copper  successive  layers 
of  leaf  silver,  to  the  desired  thickness ;  the  silver  b  solid,  but  the 
process  is  tedious,  and  the  jdnings  cannot  always  be  concealed* 

Birmingham  piating. — ^An  mgot  of  Copper  is  rendered  smooth  and 
clean,  and  sprinkled  over  with  glass  of  borax ;  a  plate  of  fine  silver, 
one  twelfth  as  heavy  as  the  copper,  is  laid  on,  bound  with  wire,  and 
heated  red  hot ;  it  is  next  passed  through  dlie  rolling  press  and  ei^ 
tended  at  pleasure.  1  oz.  of  silver  is  frequently  rolled  out  so  as  to 
cover  3  square  feet,  and  its  thickness  is  about  ^vVvth  of  an  inch* 
This  kind  of  plating  is  used  for  the  bands  on  the  wheels  of  carriages, 
and  it  is  the  material  of  most  of  the  silver-plated  ware,  such  as  can* 
dlesticks,  tea-pots,  &c.  The  covering  is  perfect  but  thin,  and  soon 
wears  ofifat  the  edges  and  angles. 

4.  There  is  still  another  process^  which  is  particular^  useful  in 
plating  uon  work  fer  pleasure  carriages.  The  silver  is  scorified 
ny  nitre  and  heated  with  charcoal;  it  is  then  cast  in  ingots,  rolled, 
annealed,  and  rolled  again ;  cut  up  into  smaller  pieces  and  again  an- 
nealed, and  rdled,  &ec.,  till  it  is  sufficiendy  tfam*  The  veoa  is  filed 
bright,  then  wet  with  sd  ammoniac  solution,  covered  with  rosin,  and 
dipped  in  a  bath  of  2  parts  tin  and  1  lead ;  it  comes  out  tinned ;  then 
the  fibn  of  silver  is  applied,  heated  and  battered  down  with  a  ham-^ 
roer  covered  by  list,  and  rubbed  with  a  heated  soldermg  iron ;  the 
edges  are  cut  to  adapt  them  to  each  other;  heat  is  then  again  applied 
in  the  fire,  to  unite  tne  sQver  to  the  iron,  by  means  of  the  solder ;  it 
is  next  rubbed  with  a  steel  rubber,*  and  cleaned  with  pumice  and 
rotten  stone.  In  this  manner  silver  is  laid  on  as  covering,  thicker  or 
thinner,  as  may  be. desired,  upon  iron  of  any  form. 

Xn.  Natural  histobt. — ^The  proper  ores  of  silver  are,  1.  Na- 
tive silver.     2.  Alloys  of  silver  with  arsenic,  antimony  or  mercury, 

*  Made  from  t  file,  whose  teeth  have  been  removed  by  g^rinding. 
Vol.  II.  44 
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including  the  antimonial  and  arsenical  ores  and  the  native  amalgam. 
3.  SulphuretSi  inclading  the  vitreous  or  gray  silver,  both  the  brittle 
and  the  sectile  or  soft,  and  the  ruby  silver,  or  sulphuret  that  contains 
antimony  and  otiier  metals.  4.  Chloride.  5.  Carbonate.  The  most 
valuable  of  these  ores  are,  the  native  silver,  the  arsenical  and  anti- 
*  monial  silver,  and  the  sulphurets.  There  are,  however,  many  other 
ores  that  contain  silver,  in  sufficient  proportion  to  admit  of  profitable 
extraction,  and  among  these,  the  sulphurets  of  lead  and  copper  are 
the  most  important. 

XIII.  Assay  and  extraction. — ^The  commercial  value  of  silver 
is  so  great  that  it  is  extracted  from  the  ores  of  other  metals,  even 
when  it  exists  only  m  a  very  small  proportion ;  the  processes  are  so 
exceedingly  various,  and  often  complicated  and  difficult,  that  it  is 
quite  impossible  to  give  even  an  oudine  of  them,  consistently  with  the 
nature  and  limits  of  the  present  work.  Only  a  ifew  particulars  can  be 
mentioned,  but  ample  information  may  be  found  in  various  works.* 

A99av. — Trial  by  reagents. — With  respect  to  the  proper  ores  of 
silver,  (at  least,  if  tolerably  rich^,  there  is  generally  no  difficulty  in  dis- 
tinguishing them  by  their  sensiole  properties,  and  they  will  give  up 
their  silver  to  reagents  and  to  the  blowpipe  flame.  Most  of  the  sil- 
ver of  Europe  is  obtained  from  the  ores  of  other  metals,  and  the 
question  whether  silver  exists  in  any  ore  is  easily  settled  by  the  fol- 
lowing trial. 

(a.)  Roast  the  ore  to  expel  sulphur,  arsenic  or  antimony;  dissolve 
every  thmg  soluble  in  diluted  nitric  acid,  aided  by  a  moderate  heat ; 
all  the  metals  that  may  be  expected  to  be  present,  (except  gold)  will 
be  dissolved,  e.  g.  lead,  copper,  iron,  be.  Then  a  solution  of  com- 
mon  salt,  leaving  the  other  metals,  (except  lead,f )  will  precipitate 
the  silver,  as  a  white  chloride,  which,  being  washed  with  boiling  hot 
water,  to  dissolve  chkride  of  lead,  and  then  being  dried  and  collect- 
ed, will  denote  the  proportion  of  silver,  by  its  weight  and  known 
constitution,  allowing  about  75  per  cent,  for  the  pure  silver.  It  is  easi- 
ly reduced  by  fusion  with  a  fixed  alkali,  either  by  the  blowpipe  or  in 
the  crucible ;  the  blowpipe  alone  will  partially  reduce  the  chloride,  on 
ignited  charcoal,  but  better  with  the  addition  of  carbonate  of  soda. 

(i.)  From  the  above  nitric  solution  of  the  ore,  if  it  be  tolerably 
rich  in  silver  and  there  be  no  great  excess  of  nitric  acid,  a  slip  of 
bright  metallic  copper  will  precipitate  the  silver,  in  the  metallic  state; 


«  Alkins'  Diet.  Art.  Assay  and  Silver ;  Gray's  Op.  Chem.  Art  Silrer,  with  plates  ; 
Tb6nard*s  Chemistry ;  Humhotdt*s  Essay » &c  on  New  Spain ;  and  among  the  jour- 
nals of  science,  the  Annates  des  Mines. 

t  Mercury  may  be  precipitated,  bat  it  is  not  lilcely  to  be  present ;  if  it  were,  it 
might  be  volatilized,  either  at  first,  in  roasting,  or  out  of  the  precipitatej  in  wliich  if 
it  existed,  it  would  be  in  the  state  of  calomel. 
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but  the  test,  by  salt,  is  more  delicate,  and  might  detect  silver  where 
the  other  would  fail.* 

Trial  by  thefiirnaee. — ^This,  in  the  small  way,  is  generaOy  done 
by  cupellation,  for  a  notice  of  which  see  this  volume,  p.  253.  Amal- 
gamation may  also  be  used,  but  this  is  generally  resorted  to  in  the 
lai^e  way. 

2.  Extraction  in  the  large  way. — For  an  account  of  these  pro- 
cesses, recourse  must  be  had  to  the  large  works  on  metallurgy.  We 
can  make  only  two  or  three  statements. 

(a.)  Native  silver  needs  only  fusion,  and  heating  to  a  sufficient 
degree,  to  expel  arsenic  or  antimony ;  if  it  contains  gold  or  other 
metals  that  are  not  volatile,  the  fact  will  be  ascertained  by  the  chem- 
ist or  the  assay-master  at  the  mint,  and  the  silver  wiU  receive  the  al- 
loy of  copper  to  fit  it  for  coin,  utensils,  &c. 

(6.)  Most  of  the  other  ores  of  silver  are  subjected  either  to  cupel- 
lation or  amalgamation.  Lead  has  so  strong  an  affinitjr  for  silver 
that,  by  fusion,  with  proper  additions,  it  is  thus  extracted  from  most 
ores,  and  it  is  afterwards  separated  from  the  silver,  (along  with 
other  baser  metals,)  by  cupellation.f 

(c.)  AmalganuUion  is  extensively  employed  in  Europe,  and  almost 
exclusively  in  Peru  and  Mexico.  The  ores  are  ground  fine,  moist- 
ened and  mixed  with  2  or  3  per  cent,  of  common  salt ;  the  mass  re- 
mains for  some  days  and  is  dien  mixed  with  lime,  and  with  roasted 
iron  and  copper  pyrites ;  it  is  now  again  allowed  to  repose  for  some 
days,  when  the  mercury  is  added  and  trodden  in  by  men,  or  by 
horses  and  mules;  more  lim^,  roa&ted  pyrites  and  mercury,  are 
added  fi-om  time  to  time,  and  after  some  months,  the  combination  of 
the  mercury  and  silver  having  taken  place,  every  thing  t]|at  can  be 
dissolved  or  removed  by  abundance  of  w,ater  is  got  rid  of  in  that 
way,  and  lastly,  the  mercury  is  driven  off  by  heat  and  mostly  saved 
by  a  rude  distillation  per  descensum,|  and  answers  for  subsequent 
operations.  The  greater  part  of  the  quicksilver  of  commerce  is  used 
for  these  and  similar  purposes. 

Remarks, — ^I  have  had  occasion  to  examme,  by  cupellation  or  in 
the  moist  way,  several  galenas  of  this  country,  and  have  found  them, 
generally,  argentiferous.  That  from  the  mine  of  Ephraim  Lane, 
(Munroe,  Conn.  1 7  miles  west  of  New  Haven,^  I  found  to  contain  3^ 
per  cent,  of  silver,  or  272  oz.  to  the  ton  of  recluced  lead ;  and  a  sul- 
phate of  lead  which  accompanies  it  is  stated  to  be  equally  rich ;  the 
silver  b  found  in  profitable  quantity  also  in  the  midst  of  the  blende, 

*  I  once  obtained,  in  this  way,  an  abundant  precipitate  of  silver  from  the  nitric 
solution  of  a  pyritical  ore,  but  as  it  was  brought  to  me  pulverized,  I  supposed  that 
the  silver  had  been  fraudulently  introduced. 

t  When  lead  is  used  to  extract  silver  from  copper,  the  process  is  called  cliquatioo. 

t  For  drawings  of  the  apparatus,  see  Gray's  Operative  Chemist 
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wUoh  is  abundant  in  the  sioM  mioe,  and  appears  to  contain  tbe  ar- 
gentiferous galena,  in  intimate  mixture.  Lead  from  Bethlem,  Comu 
gare  roe  6  oz.  to  the  ton ;  that  of  Southampton,  Mass.  gave  12}  oz. 
to  the  ton,  (which  in  Great  Britain  would  just  pay  die  expense  of  ex* 
traction ;)  that  of  Missouri  gave  only  a  (race.  As  we  have,  b  the  Uni- 
ted States,  so  far  as  we  are  informed,  no  proper  mines  of  silver,  we 
ought  to  attend  to  our  argentiferous  galenas,  oi  which  there  can  be  no 
doubt  we  have  abundance,  and  none  hitherto  examined  appears  so 
worthy  of  being  wrought  as  that  of  Munro,  (Lane's)  which  jrields  more 
than  the  richest  argentiferous  galenas  of  Europe.*  For  the  statistics 
of  olver,  see  Humboldt's  New  ^pain.  The  quantity  of  silver  annu- 
aUy  obtained  from  the  mines  of  Europe  and  America,  is  stated  to  be 
about  eight  hundred  and  fifty  tons,  and  Europe  does  not  produce 
more  than  one  twelfth  or  fifteenth  part  of  this  amount. 
XIV.  PoLARiTT.--*£iec^ro-pon/tae,  like  the  other  metals. 

Sbc.  XXXV. — Gold. 

L  HisTORlr  AND  NAME^— ^^o  kUtwy  or  tradUian  reacheifafihar 
back  than  the  knowledge  of  gold:  as  it  occurs  in  tbe  metallic  state, 
it  is  probable  that  it  was  observed  as  soon  as  the  earth  was  peopled, 
and  nationsj-  have  been  found  familiarly  acquainted  with  gold  and  sil- 
ver, when  tney  were  ignorant  of  iron.  The  Latb  name  is  aurum, 
tbe  Greek  is  xP^^y  ^^  alchemistical,  Sol  }X  the  allusdon  is  evident ; 
as  the  sun  is  among  the  stars,  so  is  gold  among  the  metals ;  to  fabri- 
cate it,  was  tbe  ultimum  of  the  hopes  of  the  alchemists.  It  has  ever 
been  regarded  as  the  most  valuable  of  natural  bodies ;  its  beauty  and 
its  fine  [Aysical  properties  (obvious  before  its  chemical  quaUties 
were  knoiirn)  give  it  great  intrinsic  value,  and  among  all  nations 
a  gpven  weight  of  it  represents,  and  will  command  more  prqier- 
ty,  than  the  same  weight  of  any  other  body.^ 

II.   PitOPfiRTIBS. 

{a.)  TAeon^yeSot^nMpIemetol;  it  is  <x«Dge  or.  reddidi  yellow ; 
when  in  fusion  bluish  green ;  in  lustre  inferior  only  to  steel,  platinum, 
silver  and  mercur^.|) 

(A.)  ChM  leaj  appears  green  by  irammitted  lighi^  this  is  well  seen 
when  it  is  laid  on  a  {date  of  colorless  glass;  it  is  easity  done  by  raoist- 
enmg  a  glass  platelT  and  lifting  gold  leaf  from  the  book,  by  touching  it 
at  one  edge  with  a  moistened  glass  rod ;  it  may  then  be  laid  smoothh^ 
on  the  glass,  beginning  at  the  disengaged  edge  of  the  banging  leaf. 

•  See  Am.  Jour.  Vol.  Ill,  p.  176. 

\  As  the  Peruvians  and  Mexicans  when  first  discovered  by  tbe  SjMniards. 
X  Or  king  of  tbe  metals ;  hence  its  solvent  was  aqua  regia. 
§  Exceptine  a  few  rare  chemical  and  medicinal  preparations  and  minerals  which 
sometimes,  weieht  for  weight,  exceed  sold  in  value, 
g  When  fuseS  with  borax,  the  color  Is  paler ;  when  with  nitre  it  is  brighter  than 

ommon;  to  obtain  a  proper  shade,  a  m*-' '  •—-!-* ^  •^-  ^*-       i .     »-. 

V  Saliva  from,  the  tongue  is  the  best. 
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Gold  is  the  tnly  mettl  that  traBsmks  anj  light ;  this  (p.  103  of  this 
volmne,)  is  doubtless  owing  to  its  thinness  derived  from  its  great 
malleability. 

{^)  ^*  gr*  0^^  ^9*^9  authors  give  H  from  18.75  to  20,  it 
Vines  with  the  accuracy  df  instruments  and  manipulations,  with  im- 
purities, compression,  mode  of  casting,  temperature,  8zx^. ;  it  is  the 
heaviest  body  known  after  [datinum. 

(d.)  In  nardneity  bdownher^  but  above  coppery  differs  not  much 
fi^  tiuj  (Davy)  ;  veryfiexihle  and  tough;  broken  with  much  diffi- 
culty, and  both  terminations  are  wedge-^ped. 

(e.)  Receives  the  isnpression  of  the  die  very  perfectly j  clogs  the  teeth 
of  a  file,  receives  great  brilliancy  from  the  burnisher,  but  not  from 
powders. 

(/I^  In  tenacity  inferior  to  tron,  copper,  andj^atinmrnj  and  much 
like  sdver;  wire  tV  of  an  mch  in  diameter,  sustains  254  lbs.  one  of 
tHt^s*  er  tV^*  ^^  ^  '^^^^  sustainsl50  lbs. 

Ig.)  Malleability  seen  in  gold  leaf,  this  is  prepared  by  beating  very 
pure  laminated  or  thin  rolled  plates  of  gold,  between  layers  of  ani- 
mal membrane.f 

(A.)  Thinness  of  the  2ei|^(Aikins)  TrVirvirth}  of  an  inch ;  3  grs. 
or  T7ir  of  copper  are  added  to  the  oz.  and  when  old  skins  are  used, 
even  12  grs.  or  ^V,  to  harden  the  gold. 

(t.)  Jfo  substance  is  capable  of  such  astonishing  extension  as  gold, 
as  the  following  statements,  derived  from  the  best  authorities,  will 
shew.  One  grain  of  gold  is  extended,  in  gold  leaf,  to  above  56 
square  inches,  but  much  farther  in  gold  wire,  which  is  silver  wire, 
gilded.  1  oz.  of  gold  on  wire  can  be  extended  mcKre  than  1300  miles ; 
1  gr.  of  gold  covers  295  feet  in  length,  and  can  be  made  to  cover 
even  345.6 ;  when  die  wire  is  flattened,  the  surface  occupied  by  1 
gr.  is  98.7  sq.  in.  and  the  thickness  is  only  ttVttt  ofsn  inch^  sdll, 
with  this  extreme  thinness,  no  part  of  the  silver  below  is  visible. 

(/*)  ^  grain  of  gold  is  easQy  divided  into  2,000,000  parts,  1  cub. 
in.  into  9.523,809,523  parts,  each  distinctly  visible ;  1  grain  can  be 

•  19.25T,  Th^nard.— 19.2  to  19.86,  Murray.— 19.S  to  19.4,  Laugier.— 19.S,  Henry. 
Avorage  19.82.  In  the  ingot  19.207 ;  when  hammered,  (ElUcott,)  19.876  at  S69 
Fahr.  Lewis,  19.858  in  ingot;  19.361,  hammered,  Briseon. 

f  Strangers  are  not  oftoo  admitted  into  the  rooms  of  the  gold  heaters,  hecaose 
as  I  bare  had  an  opportunity  of  observing  the  slightest  movements,  even  of  the  air, 
disturb  these  delicate  operations.  The  gold  after  being  forged,  is  rolled  out 
till  it  is  very  thin,  and  then  it  is  eut  up  into  pieces  of  convenient  size ;  it  is  again  forged 
and  annealed,  and  then  hammered  between  layers  of  vellum,  enclosed  in  parch- 
ment ;  the  extended  pieces  are  divided  and  again  hammered  between  layers  of  ani- 
mal membrane,  (the  prepared  rectum  of  the  ox^  they  are  again  cut  by  a  cane  knife, 
and  again  hammered  and  so  on  till  they  are  thm  enough.  They  are  finally  cut  by 
a  cane  instrument,  and  by  the  aid  of  the  breath,  the  leaves,  of  which  there  are  25, 
are  tiben  laid  in  the  book,  the  paper  of  which  is  rubbed  with  ochre  or  bole,  to  pre- 
vent adhesion ;  this  and  other  delicate  operations  are  poribrmed  by  females.  For  a 
more  minute  account  see  Aikins*  Diet.  Vol.  1  530. 

t  Nich.  and  othcn.  §  Dr.  Ually,  quoted  by  Aikins. 
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beaten  into  50  leaves,  each  1  inch  square;  these,  divided  by  paral- 
lel lines,  at  100th  of  an  inch  distance,  and  by  others  at  right  angles, 
produce  25,000,000,  little  squares,  each  visible  without  glasses  ;* 
16  oz.  of  gcld^  if  in  the  form  of  a  eif&€,  would  not  mtasurt  over  H 
inch  on  eaai  iide^  but  tpoidd  gild  a  iUtfer  idire  long  enough  to  encirde 
the  earth, 

{k.)  Dr.  Blacky  to  enable  us  to  form  some  clear  conceptions,  in  a 
case  when  the  mind  conceives  more  clearly  by  comparison,  remarh^ 
that  14,000,000  y!&iw  of  gold^  like  that  on  some  gold  wire  would  not 
equal  more  than  1  inchin  thidmeu^  and  that  14,000,000  thicknesses 
of  common  writingpaper  would  equal  abnost  |  ofamSU.  In  gilding 
by  amalgamatbn,  gold  is  only  twAttv^  ^^  ^  >°c^  ^  thidoiess, 
and  yet  the  covering  is  perfect.f 

(/•)  Gold  can  be  drawn  into  wire,  whose  diameter  does  not  ex- 
ceed v^TT  P'Ut  of  an  inch. 

(m. )  Tliese  statements  are  sufficient  to  shew  that  no  palpable  sub- 
stance comes  so  near  to  realizing  the  actual  and  physical  aimsibilittf 
of  tnatter  to  an  infinite  or  rather  indefinite  degree,  as  goId.| 

(n.)  Gold  mdU  at  1300^^  F. ;  that  is  a  litde  above  a  fiill  red  heat ; 
in  smaH  experiments,  it  melts  easily  by  the  mouth  blowpipe,  and 
in  larger  quantities  in  the  forge  fire ;  when  melted,  it  appears  of  a 
luminous  bluish  color. 

(o.)  It  expands  but  little  by  heat  while  solid,  but  more  than  any 
other  metal  on  melting ;  hence  it  is  bad  for  casting  in  moulds  and 
britde  if  suddenly  cooled. 

(p.)  Its  finely  divided  parts,  when  in  fusion,  do  not  unite  easily 
without  the  aid  of  borax. 

(?*)  Crystallizes  in  octahedra  if  slowly  cooled ;  in  tetrahedral 
prisms,  if  the  fluid  part  be  poured  out  when  it  is  congealing.  It  oc- 
curs natively  crystaUized. 

(r.)  Very  fixed  in  the  fire;  no  vapor  rises  from  it  when  merely 
melted.  Kunckel  kept  a  quantity  of  gold  almost  thirty  weeks  in 
fusion,  in  a  glass  house  furnace,  without  losing  a  grain,  and  without 
any  alteration.  ||  It  lost  no  weight  after  exposure  for  some  hours  to 
Parker's  great  burning  lens. 

i — — - — — ■ — — a 

«  Boyle  and  Blaek.  f  Note  Book. 

X  Perhaps  the  only  instance  in  which  that  which  is  certainly  known  to  be  matter 
iaobvloasly  more  divided  than  gold  is  capable  of  being,  is  in  the  case  of  odors,  which 
often  and  for  a  length  of  time,  fill  a  great  sphere  with  emanations,  diflfiised  some- 
what in  the  manner  of  radiation.  The  matter  of  malaria  is  probably  divided  in  a 
aimUar  manner. 

§  It  is  usaally  stated  to  be  82°  of  W.  but  this  corresponds  to  5287^  of  Fahr.  which 
must  be  erroneous,  as  gold  melts  with  a  full  red  heat ;  82°  of  W.  do  not  correspond 
with  1300°  of  Fahr.  as  usually  stated ;  2°  of  W.  would  correspond  very  nearly  with 
the  truth,  for  2°  W.  =  260°  F.  +  1077  F.  for  tiie  0  of  W.  =  1337°  F.     Vol.  I,  p.  62. 

II  Silver  in  the  same  place  and  time  lost  1-12  of  its  weight,  at  another  time  1-60, 
at  another  nothing. 
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(5.)  Volatilized  by  the  iolar  focus y  and  by  the  beat  produced  by  ox- 
ygen gas  directed  upon  burning  charcoal ;  the  vapor  which  then  rises 
^mH  gild  a  plate  of  silver  held  five  or  six  inches  above ;  volatilized  also 
by  electricity  and  galvanism,  and  by  the  compound  blowpipe. 

III.  Relation  to  oxygen. 

{aJ\  ^ot  oxidized  under  any  common  circumstances;  it  may  be 
kept  lor  ages  exposed  to  heat,  air  and  moisture  without  any  change. 

(6.)  Converted  into  a  purple  substance,  supposed  to  be  an  oxide^ 
by  a  power/ill  electric  discharge  through  gold  wire  or  leaf  laid  between 
plates  of  glass,  or  between  papers,  which  will  be  found,  stained  purple. 
When  the  discharge  is  taken  in  a  tuben^ontaining  the  gold,  the  air  is 
deprived  of  a  part  of  its  oxygen.* 

(c.)  By  the  galvanic  discharge^  gold  leaf  bums  brilliantly  with  a 
red  light,  and  is  dissipated  either  in  a  state  of  division  or  of  purple 
oxide. 

(d,)  It  bums  also  under  the  compound  blowpipe;  the  standard 
gold  gives  a  green  flame  owing  to  the  copper,  as  in  the  case  of 
silver,  (p.  330,)  this  is  most  conspicuous  when  the  hydrogen  flows 
with  the  oxygen ;  if  it  be  shut  o£f,  the  gold,  particularly  if  pure, 
still  bums  with  intense  yellow  light,  but  with  litde  flame.  The 
current  of  gas  sensibly  mdents  the  melted  globule,  as  I  have  often 
observed  with  respect  to  silver  and  other  metals,  when  in  fusion  id 
the  focus  of  the  compound  blowpipe. 

(e.)  By  this  instrumentj  tlie  gold  is  dissipcUedj  apparently,  in  the 
state  of  oxide,  but  I  am  not  aware  that  it  has  been  collected  and  ex- 
amined. 

(/.)  If  minutely  divided  by  grbding  gold  leaf  with  powders, 
as  chalk,  calcined  hartshorn,  sulphate  of  potassa.  Sec.  it  is  oxidized, 
by  a  heat,  even  below  redness,  if  longf  continued. 

Nitre,  with  ignition,  partially  oxidizes  gold,  contrary  to  former 
opinions  on  the  subject. 

Oxide. — There  is  stiU  considerable  uncertainty  respecting  the  re^ 
lotions  of  gold  to  oxygen,  although  the  subject  has  been  elaborately 
examined  by  some  of  the  most  eminent  chemistsj!  whose  memoirs 
are  cited  in  the  notes.  Several  of  them  I  have  attentively  studied, 
but  it  is  impossible  to  discuss  the  subject  here,  and  we  can  give  only 
those  results  which  appear  to  be  the  best  established.  Gold  is  cer- 
tainly in  some  way,  oxidized,  because  the  oxides  are^  without  addition, 
decomposed  by  a  melting  heat,  oxygen  gas  is  obtained,  and  metallic 

*  This  observation  is  not  my  own,  and  having  omitted  to  cite  the  authority,  I  can- 
not recollect  it ;  if  the  statement  is  accurate,  it  decides  the  question  as  to  two  oxides 
of  gold.  f  16  or  20  hours,  Lewis. 

X  See  Vauquelin,  Ann.  de  Chim.  LXXVII)  821.  Oberkampf,  Id.  LXXX,  p.  140. 
Beraelius,  LxXXVII,  p.  114.  Pellctier,  Ann.  de  Ch.  et  de  Ph.  Vol.  XV,  p.  118. 
Jayal,  Id.  Vol.  XVII,  p.  887.    Thomson,  Edin.  PhU.  Trans.  1827. 
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gold  remains.  We  are  certain  cf  the  exisienee  of  one  oxide  of  gold  and 
a  iecond  %9  higUy  probable  ;  tbe  purple  appears  to  be  produced  in 
aU  cases  of  the  combustion  of  gold  and  the  yellow  or  brown  from  its 
solution  in  nitro^muriatic  acid.  In  all  our  experimental  illustrations 
m  courses  of  instruction/ the  phenomena  are  most  satisfaciorilj  ex- 
plained upon  the  supposition  of  two  oxides.  It  w31  be  most  conven- 
ient to  mention,  first,  the  oxide  whose  existence  is  frdlj  established. 

Ydlow  or  brown  oxide^^-peroxide. 

As  it  is  obtained  by  deeowq^osing  the  muriate  {or  chloride)  of  gold 
oolj  its  properties  will  be  briefly  mentioned  here,  and  other  facts  will 
be  added  under  the  mtnriate  or  chloride. 

Properties. 

(a.)  Cohr^  after  being  dried  in  the  state  of  hydrate,  reddish 
brown;  insoluble  in  water;  little  disposed  to  unite  tsith  acidsj  but 
more  readily  combines  with  alkalies;^  as  has  been  already  said,  its 
oxygen  is  expelled  by  heat  alone,  and  it  is  withdrawn  by  combusti- 
bles with  great  ease,  and  at  a  bw  temperature,  fi«^ently  with  the 
disengagement  of  much  light.  Muriatic  acid  readily  dissolves  it,  fiorm- 
ing  the  usual  solutiixi  of  gold,  but  it  is  observed  by  Pelletier,  that  it 
forms  no  definite  compound  with  any  acid  containing  oxygen. 

6.  Campof»ri(m.— According  to  Oberkampf,  100  parts  of  gold 
combine  in  dns  oxide  widi  10.01  of  oxygen;  Berzelius,  12.077; 
Pelletier,  10,03;  Javal,  11.909.  The  proportions  rest  therefore 
between  10  or  12  parts  of  oxygen  in  addition  to  100  of  gold.  If,  the 
gold  being  100,  the  number  112t  be  regarded  as  representbg  the 
proportions  of  metal  and  oxygen  in  the  peroxide,  and  if  (accorcSng  to 
^rzeKns  and  Thomson)  it  contains  three  equivalents  of  oxygen,  the 
equivalent  of  gold  will  be  200,  and  that  of  its  peroxide  (or  of  its  oxide 
if  there  is  only  one)  will  be  224.  It  seems  probable  that  this  is  the 
composition  of  the  yellow  or  brown  oxide,  obtained  from  the  muriate ; 
but  till  we  can  decide  whether  the  purple  oxide  (so  called)  is  really  an 
oxide  or  only  minutely  cBvided  gold,  we  are  m  no  condiuon  to  assign  its 
proportion  of  oxygen.  It  may  be  1  equiv.,  which  would  make  its  rep- 
resentative number  208,];  and  then  diere  would  be  room  for  a  deutox* 
ide  whose  equivalent  would  of  course  be  216.  On  the  whole,  al- 
though it  appears  extremely  probablethat  diere  is  a  purple  oxide,  we 
are  absolutely  sure  of  only  one  oxide,  namely,  the  yellow  or  brown, 

*  Therefore  Pelletier  is  stnmgly  dispoeed  to  rank  it  as  an  acid,  and  calls  it  the 
auric  acid,  and  the  compounds  aurates,  but,  as  appean  to  me,  without  sufficient  rea- 
aon ;  see  remarks  under  siika.  Vol.  I,  p.  276. 

t  This  number,  so  near  that  obtained  by  Berzelius  (12.077),  has  been  recenUy 
confirmed  (as  already  stated)  by  Javal,  who  obtained  11.909.  See  his  ezceUent  me- 
moir, Ann.  de  Ch.  etde  Ph.  Vol.  XVII,  p.  887. 

t  Berzelius  ^thinks  that  the  purple  oxide  is  a  deutozide,  and  ofeonrse  its  equiv. 
would  be  216.  *  He  obtains,  by  potassa,  from  the  protochloride  of  gold,  a  green  pre* 
cipitate,  which  he  regards  as  a  protoxide. 
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and  its  composition  may  be  considered  as  100  gold  and  12  oxygen, 
or  StOO  gold  and  24  oxygen,  ivhich  are  in  the  same  proportion. 

IV.  Acids. 

(a.)  Gold  is  attacked  vigorously  by  no  acid  except  the  nitrp  mu'- 
riatie  ;  feebly  by  the  fuming  nitrous  acid. 

{h.)  It  is  not  affected  by  the  pure  and  cohrless  nitrie  acul,  but  if 
hignly  charged  with  nitric  oxide  gas,  and  digested  on  gold  leaf  in  a 
close  vessel,  the  metal  is  readily  taken  up ;  but  it  quickly  and  entire- 
ly separates  if  the  fluid  be  agitated  in  a  vial  with  the  included  air, 
and  both  heat  and  light  separate  the  gold  in  the  metallic  state. 

(c.)  Miro  muriatic  acid  is  the  proper  solvent;  this  is  the  aqua 
regia  of  the  ancient  chemists.  It  has  been  usual  to  prescribe  2  parts 
strong  nitric  acid  to  1  muriatic.* 

This  proportion  of  nitric  acid  is  much  too  lar^e  ^  equal  ^arts  of 
the  acids  are  better.f  Proust^  prefers  4  muriatic  to  1  nitricj  and 
this  accords  with  my  own  experience^  beginning  with  euual  measures 
of  the  two  acids,  and  addine  more  muriatic  acid  from  time  to  time ; 
it  is  not  an  easy  thing  to  obtain  a  good  solution  of  gold.  Fuming 
nitrous  acid,  (prepared  as  at  p.  447,  Vol.  I,)  is  the  best,  and  the  more 
highly  charged  with  nitric  oxide  gas,  the  better  does  it  act  in  nitro- 
muriatic  acid. 

When  the  acdon  becomes  langiud,  the  addidon  of  a  litde  alcohol 
or  ether  renews  it,  and  muriadc  acid  has  the  same  efkcu 

(d.)  The  following  is  a  good  process  for  the  solution  ofgold.^ 
Provide  a  tubulated  retort  and  receiver  of  glass ;  granulated  or  lamin- 
ated gold  1  part,  and  6  parts  of  nitric  acid ;  warm  the  retort  by  a  lamp 
or  buniing  cnarcoal;  add  a  litde  muriadc  acid,  whch  will  produce  a 
brisk  action,  and  much  nitric  oxide  gas  and  chlorine  will  be  evolved : 
when  the  action  is  diminished,  add  more  muriatic  acid,  and  so  on,  until 
the  solution  is  finished  \  raise  the  heat  to  distil  over  any  remaming 
nitric  acid ;  it  comes  pure  till  towards  the  last,  when  a  litde  muria- 
tic acid  also  rises  in  white  fumes ;  thus  there  is  no  loss  of  acid,  and 
solution  of  pure  muriate  of  gold  remains.!] 

Chlorine  £*£»,  ^warm^  sets  fire  to  gold  leaf 

Oold  dissoUesj  without  eflfervescence,  in  the  aqueous  solution  of 
chlorine. 


*  Or  1-2  part  common  mlt  or  Md  ammoniac. 

t  Diluted  with  an  equal  bulk  of  water,  as  moat  aothon  direct. 

t  Nichblfon'a  Jour.  Vol.  XIV,  p.  238.  §  Aikina,  Vol.  I,  p.  58S. 

JThia  la  a  very  jodidout  arrangement,  and  with  good  rea^enti,  it  always  aflbrda 
ch  aolution  of  gold.    I  have  succeeded  best  with  strong  acids  without  water,  but 
there  is  always  a  portion  of  a  yeUow  precipitate  remaining,  not  soluble  in  hot  or  oM 
water,  or  in  the  adds;  it  is  probably  the  insoluble  proto-ehlorida  which,  by  boHiag 
with  water,  is  converted  into  soluble  per-chloride  and  metallic  gold.—- TWimt. 
Vol.  n.  46 
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G(dd,  in  very  thin  lamine,  being  placed  in  a  flask  with  5  or  6  times 
its  weight  of  water,  is  dissolved,  by  passing  chlorine  gas  stawly* 
through  it,  at  the  common  temperature;  the  solution  is  then  concen- 
trated. 

This  method  is  eligible  for  obtaining  a  solution  of  gold  only  be- 
cause it  gives  it  without  excess  of  acid^  but  in  practice^  the  nitro- 
muriatic  acid  is  generally  preferred. 

Condition  of  the  gold  in  the  solution. 

It  appears  to  be  uncertain  whether  this  solution  is  a  chloride  or  a 
muriate;  if  a  chloride,  it  differs  from  most  chlorides,  which,  by  solu- 
tion in  water,  become  muriates ;  even  the  solution  formed  by  passing 
chlorine  gas  through  water  containing  metallic  gdd,  may  afford  a 
muriate,  as  the  elements  of  water  may  be  divided  between  the  chlo- 
rine and  the  gold.  The  action  of  the  nitric  or  nitrous  acid  in  efiect- 
ing  the  solution  of  gold  by  the  muriatic  acid,  may  lie  in  decompoang 
the  latter ;  its  hydrogen  being  engaged  by  the  oxygen  of  the  nitric  acid, 
and  the  liberated  chlorine  then  uniting  with  the  gold ;  but  as  we  precip- 
itate the  latter  from  the  solution  by  alkaline  reagents,  in  the  form  of 
oxide  of  gold,  it  follows,  eitlier  that  the  chloride  of  gold,  immediately 
after  it  is  formed,  becomes  a  muriate  by  the  decomposition  of  water, 
or  that  the  same  cause  regenerated  the  muriatic  acid  and  oxygenized 
the  gold  previous  to  the  formation  of  the  muriate,  which  was  then 
formed  as  a  consequence ;  (thus  presenting  a  useless  round  of  de- 
compositions and  recompositions,)  or  that  oxygen  was  affi>rded  to  the 
gold  and  hydrogen  to  the  chlorine  at  the  instant  of  precipitation  by 
an  alkali ;  for  in  some  way  or  another,  the  oxide  of  gold  and  muri- 
atic acid  are  produced,  if  the  student  finds  these  alternatives  per- 
plexing, perhaps  he  will  prefer  the  simpler  view,  namely,  that  the 
nitro-muriatic  acid  oxygenizes  the  gold  by  the  agency  of  the  oxygen 
derived  from  the  nitric  acid,  and  that  the  muriatic  acid  then  unites 
with  the  oxide  to  form  a  muriate.  Without  pretending  to  decide  this 
question,  I  shall,  for  convenience,  treat  the  soludon  eidier  as  a  muri- 
ate or  as  a  chloride,  as  the  phenomena  seem  to  require,  although 
high  authorities  treat  it  as  a  chloride  only.f 

MUBIATE  OF  CHLOBmS  OF  GOLD* 

Properties. 

(a.)  The  solution^  as  commonly  obtained,  if  add;  its  color  is 
rich  ydJow  ;|  very  corrosive  ;  taste  strongly  metallic  and  astringent 

*  Bu]l«  a  baUe,  Th^nard.  t  Pelletier  and  others. 

X  This  yellow  coler  depends  on  an  excess  of  acid,  for  when  this  is  neutralized  or 
distHimted  by  a  gentle  heat,  the  solution  becomes  brownish  red. 
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— stains  the  fleshy  and  nH)st  animal  and  vegetable  bodies,  of  a  deep 
purple  ;  sinks  into  marble  and  produces  a  similar  color. 

(b.)  Slow  evaporation  and  cooling  give  small  yellow  crystals  ; 
tetrahedral  prisms  or  4  sided  pyramids  or  truncated  octahedra ;  they 
are  obtainea  with  more  certainty,  if,  after  evaporation,  a  little  warm 
alcohol  is  added ;  these  crystals*  are  viewed  as  a  chloride  or  bi- 
chloride of  gold,  but  since  they  contain  water,  they  may  he  equally  ' 
well  regarded  as  a  muriate, 

{c.)  By  a  mild  heatj  they  disengage  muriatic  acid  and  become^  at 
least  m  part,  neutral  and  deep  red ;  by  a  litde  additional  heat^  more 
acid  and  chlorine  are  liberated,  and  the  compound  is  then  regarded 
as  aproto-  or  sub^Moride,  which,  by  the  action  of  water,  ^becomes  i 
metallic  gold  and  §  chloride ;  and  by  a  stiU  higher  degree  of  heat^ 
it  is  reduced  to  the  metallic  state;  anhydrous  acids  produce  no 
change  upon  it,  but  diluted  acids  convert  it  into  metallic  gold  and 
chloride,  the  latter  remaining  in  solution. 

(d.)  The  muriate  in  crystals  (per-chloride)  is  deliquescent  and 
soluble  in  water  withour  residue. 

(c.)  Strong  sulphuric  add  precipitates  from  the  muriate  of  gold 
an  anhydrous  chloride. 

(/.)  Tlie  muriate  of  gold  is  decomposed  both  by  alkaline  earths 
and  their  carbonatesj  which  give  a  yellow  precipitate,  becoming  pur- 
ple by  exposure  to  the  air,  and  reducible  per  se.  Lime  and  baryta 
are  better  precipitants  than  potassa. 

(g.)  Fixed  alkalies  throw  dovm  a  brownish  yellow  sediment.  The 
solution  should  be  diluted  with  3  or  4  volumes  of  water,  as  caustic 
alkalies  are  apt  to  redissolve  the  precipitate ;  they  should  be  poured  in 
cautiously  and  only  while  there  is  a  precipitate  formed ;  if  rapidly 
added,  the  liquor  becomes  slighdy  purple  or  greenish  yellow;  a 
blackish  powder  is  precipitated,  containing  not  over  j\  of  the  gold, 
and  ^7  remain  in  soludonf  m  the  alkali,  and  several  months  elapse 
before  the  gold  entirely  separates. 

(A.)  With  a  perfectly  carbonated  alkali  and  a  little  boiling,  the 
whole  precipitate  appears  at  once. 

(t.)  The  alkalies  appear  to  throw  down  part  of  the  gold  in  the 
metaUic  state ;  for  when  muriatic  acid  is  added,  the  oxide  is  redisy 
solved,  and  the  metallic  gold  is  left  untouched. 


*  No  crystals  are  obtaiDed  if  muriate  of  ammonia  or  of  soda  enter  into  the  solvent. 
The  red  Iton  of  the  alchemists  was  a  red  colored  fluid  obtained  in  the  receiver  when 
the  solution  had  been  prepared  in  the  retort  by  mean*  of  rough  unsublimed  sal-am* 
moniac ;  the  heat  is  suddenly  increased  towards  the  end,  when  nearly  the  whole  of 
die  fluid  has  b^en  distilled  over  ;  some  very  red  muriate  of  gold  rises. 

t  A  compound  of  oxide  of  gold  and  potassa  which  Pelletier  calls  aurate  of  potassa ; 
he  supposes  that  flie  chlorine  passes  to  the  potassium  to  form  chloride  (muriate)  af 
potassa,  and  the  oxygen  of  the  latter  to  the  gold,  to  form  oside  of  that  metal. 
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A  nolice  of  this  preparation  b  properly  introduced  here,  aa  h  re- 
sults from  the  action  of  an  alkaline  reagent  on  the  muriate  of  gold* 

(a.)  The  nitrfMnuriaiic  solution  of  gold  is  diluted  with  from  4  to 
8  volumes  of  pure  water ;  ammonia  is  addedj  drop  by  drc^»  till  tke 
precipitate^  which  is  brownish  yellow,  ceases  ;  it  b  thtowa  on  a  fiber 
and  washed  in  abundance  of  water f  dll  every  thing  saline  and  acid  is 
removed  ;f  dry  it  in  a  warm  room^  without  the  direct  appKcaiion  of 
heat ;  it  weighs  about  i  more  than  the  gold  employed ;  if  too  much 
ammonia  is  added,  a  portion  of  the  oxide  is  dissolved.^ 

(&.)  It  may  be  prepared  in  any  way  by  which  amsacnia  is  broyght 
in  contact  with  oxide  ofgold.% 

Properties. 

(c.)  Not  altered  by  keeping  ;  explodes  between  12QP  and  300^  of 
F. ;  a  few  grains  will  beat  a  hole  in  a  copper  jplate ;  it  explodes  also 
by  a  sharp  stroke  on  an  anf>il^\\  or  by  strong  friction^  and  should  not 
be  kept  in  a  ground  stoppered  vial,ir  but  m  a  paper  box ;  its  deto- 
nating power  b  much  increased  by  careful  drying ;  it  does  not  com- 
municate from  grain  to  grain,  only  the  part  pressed  or  heated  being 
exploded ;  hencCi  we  cannot  fire  it  in  a  tram. 

{d.)  It  is  conveniendy  exploded,  by  placing  a  few  grains  oo  a  piece 
of  sheet  copper  which  may  be  laid  on  a  ring  and  heated  for  a  mbute 
or  two,  by  a  lamp  or  candle ;  the  report  is  very  sharp  with  a  flash, 
and  if  the  copper  is  not  torn,  it  b  always  bdented. 

(e.^  It  does  not  flash  in  a  pistol  pan}  thrown  upon  burning  coals 
or  a  not  shovel,  it  snaps  and  crackles,  and  m  aU  places  where  it  ex^ 
plodesy  a  cloud  of  the  purple  oxide  of  gold  rises  from  it ;  the  heated 
filter  shews  thb  strikbgly ;  when  held  over  the  fire  it  expkdes,  not 


*  Discovered  by  BerthoUet 

t  Thlf  I  find  to  be  very  important  to  succeM;  the  prepanticn  will  not  fulminate, 
er  win  do  so  but  feebly,  fr  it  is  not  thoroughly  washed  before  drying;  warm  water 
It  dlreeted,  but  I  find  ttiat  cold  water  answers  very  well. 

X  When  the  ammonia  begins  to  be  in  excess,  we  perceive  it  by  the  pungent  odor, 
which  is  immediately  removed  by  a  little  more  of  the  nitro-muriatic  solution. 

§  The  old  chemists  used  to  dissolve  gold  by  nitric  acid  and  muriate  of  ammonia ; 
die  precipitate  from  this  by  an  alkali  was  fulminating :  the  same,  if  thrown  down 
fit>m  the  nitric  or  sulphuric  acid,  and  the  fulminating  gold  is  formed  by  digesting 
pure  ammonia  on  oxide  of  gold  free  from  acid. 

II  Wrapped  in  thin  paper  with  a  projecting  piece,  and  held  by  the  small  tongs. 
Vol.  I,p.ftO0. 

IF  Altnough  it  is  much  less  liable  to  explode  by  friction  than  the  fulminating  pow- 
ders of  mercunr  and  silver,  it  is  improper  ever  to  subject  it  to  the  friction  of  a  glass 
■topper.  M.  Fasdau,  holding  in  his  hand  a  bolUe  haU  full  of  the  fulminating  gold, 
bv  turning  the  stopper,  exploded  the  whole,  and  the  fragments  of  j^lass  destroyed 
his  sigbt— IrfUfgi^. 
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ftU  at  opQe>  ^e  the  Bbors  of  fulminvting  mercury  and  alver,  but  in 
patches  and  spots. 

(/^  vScttb  0n4  ^iher  tifuii  reu^euU  do  not  decompose  it  unkss 
hat  II  afvimdy^i  the  same  timey  to  the  d^ee  at  which  i4  explodes 
vnthwt  ttenu 

(g.)  By  very  gradual  heatings  especiaBy  ia  cootaot  with  powder- 
ed ohalk  or  any  pulverulent  substance,  it  may  be  decomposed*  toithn 
out  eoiplosiony-f  md  it  may  be  exploded  in  a  strong  vessel  without 
bursting  it. 

(At)  A  emfoiet  in  the  aoter  foctts»  and  &y  electricity,  hut  not  by  a 
spark  bom  flint  and  steel. 

(i*}  It  is  limply  a  oonqpoond  of  oxide  of  gold  with  anunonia, 

(j\)  The  acticm,  at  the  instant  of  explosiooy  consiats  m  a.  combi- 
nation of  the  oxygen  of  the  oxide  of  gold  widi  the  hydrogen  of  the 
ammoma»  to  form  water  in  the  state  of  8team>  and  in  the  Uberatiott 
of  nitrogen  gas  and  metallic  gold ;  the  nitrogen  ooctipies  iOOO  times 
the  Yolume  of  the  fulminating  powder. 

DECOMPOSITION  OJ  ICUiUATE   OR  CHLOBUIE   OF  OOU)  »T  VJUaxoUS 

anBST.^c«s» 

(a.)  The  sohUion  of  gold  being  evaporated  to  dryness^  to  expel 
«qr  superfluous  acid,  using  a  gentle];  beat  ao  as  not  to  decompose  it, 
is  removed  from  the  fire  when  it  is  sufficiently  evaporated  to  become 
soGd  in  cooling  j  it  is  then  redissohed  in  distUHed  waterj  and  is  in  a 
fit  conditioB  for  exUbiting  the  prof>ertie9  of  dissohred  gold. 

(&.)  T%egreen§  sulphate  of  iron,  becomes  red,  and  throve  down 
metamc  gola'm  the  ibrm  of  a  dark  ek>ud,  which,  when  washed  and 
mehdd  or  rubbed,  exhibits  the  proper  color  of  gold ;  it  sometimes  is 
sc'^ied  by  a  UtUe  iron,  which  is  removed  by  muriatic  aeidj  and  then 
k  is  pure.  This  is  a  good  test  for  gold ;  but  silver  is  said  to  be  pre* 
cipitated  by  the  same  means.  ||  The  action  of  ihe  green  sulphate  of 
iron  is  explained  by  supponng  the  oxygen  of  the  oxide  of  gold  to  be 
attracted  by  the  iron,  wnich  passes  to  the  state  of  peroxide ;  those 
who  regard  the  solution  of  gold  as  a  chloride,  si^pose  water  to  be 
decomposed,  to  afford  its  oxygen  to  the  iron,  and  its  hydrogen  to  the 


*  Berthollet  decompoeed  it  in  a  copper  tube,  and  exploded  it  in  copper  vessels. 

t  Its  application  in  covering  porcelain  was  mentioned.  Vol.  I,  p.  291,  Note. 

t  Without  a  careful  attention  to  the  degree  of  heat,  we  are  very  apt  to  obtain  a 
film  of  metaillic  gold  upon  the  bottom  of  the  evaporating  vessel. 

§  The  green  crystals  obtained  by  filtering  the  soluUon  of  iron  made  in  the  usual 
process  for  hydrocen  gas,  by  dissolving  iron  filings  or  turnings,  in  dilute  sulphuric 
acid,  if  redisaolved,  precipitate  gold  with  great  delicacy,  and  so  does  even  the  acid 
sulphate  of  iron  that  remains  in  solution  in  the  above  named  process. 

II  This  is  however  an  immaterial  fact,  for  silver  would  be  instantly  precipitated 
by  the  muriatic  acid  alone,  before  the  application  of  the  test  Sor  gold. 
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chlorine,  while  the  gold  falls ;  the  latter  explanation  appears  higUy 
improbable.* 

(c.)  Clean  iron  precipitatei  the  metallic  gold;  dilute  the  fluid 
with  alcohol,  bstead  of  water ;  when  the  gold  is  precipitated  on  the 
iron,  it  may  be  made  to  adhere  by  means  of  a  burnisher ;  this  is  the 
most  economical  mode  of  gUding  iron.f 

{d.)  Copper f  zinc,  bismuthj  and  mercury j  precipitate  the  gold; 
the  former  with  remarkaUe  energy ;  the  acetate  of  copper  also 
throws  down  metallic  films. 

(e.)  Silver^  lead,  and  their  acetates  throw  it  down  in  the  form  of  a 

pie  oxide. 

tf)  T\n  readily  precipitatee  gold,  ^ving  origin  to  what  has  been 

lied,  from  its  discoverer,^  the  precipitate  of  Castitu. 

(g.)  Dilute  the  solution  of  gold  very  largely  with  water^  immerse 
a  sheet  of  tin,  or  tinfoil,  or  some  grain  tin,  or  drop  in  muriate  oftin^ 
recendy  prepared  without  heat,  (proto-muriate) ;  even  that  prepared 
with  heat,  by  dissolving  tin  in  2  parts  nitric  and  1  muriatic  acid, 
mixed  with  an  equal  bulk  of  water,  will  precipitate  the  gold  ;  to  this 
solution,  largely  diluted,  half  as  much  muriate  of  gold  is  added  ;  the 
liquor  becomes  red,  and  the  flocculent  red  precipitate  is  washed  and 
dried.^ 

(A.)  This  purple  precipitate  is  the  only  thing  known  that  gives  to 

floss  the  fine  red  color^  resembling  ruby;  it  is  supposed  to  be  pro- 
uced  by  a  mixture  of  the  oxides  of  tin  and  gold,  or  as  some  think, 
by  the  oxide  of  tin  and  metallic  gold,  and  the  latter  opinion  seems 
now  to  be  established ;  the  color  produced  upon  porcelain  inclines 
more  to  purple,  when  the  muriate  of  tin  is  in  excess,  and*  to  red  in 
the  opposite  case ;  a  violet  compound  contained  60  oxide  of  tin,  and 
40  metallic  gold,  and  one  of  a  fine  purple,  20j^  oxide  of  tin,  and  79} 
gold. — Henry. 

(f.)  Charcoal^  well  burnt,  being  immersed  in  a  diluted  solution  of 
muriate  of  goldj  placed  in  the  sun^s  rays,  the  gold  is  precipitated^ 
and  without  the  sun's  light,  if  boiled. 

(y.)  A  stick  of  phosphimis  immersed  in  muriate  of  gold,  t5  in  a 
few  days  covered  with  the  metal. 

{k.)  Sulphurous  add  mioced  with  muriate  of  gold  reduces  it  to  the 
metallic  state  ;  so  does  phosphuretted  hydrogen  and  hydrogen. 


*  Dr.  Thomwm  is  of  the  opinion  Oiat  the  gold  Is  in  the  state  of  a  muriate.  See 
his  memoir,  Edin.  Phil.  Trans.  1827. 

t  Aikin's  Diet.  t  Dr.  Cassius,  170  years  ago. 

§  Into  a  gallon  of  water,  pour  a  drachm  measure  of  the  solution  of  muriate  of  tin, 
and  add  20  or  80  drops  of  the  muriate  of  gold  to  a  gallon  of  this  fluid ;  the  precipitate 
will  suhside  in  the  course  of  8  or  4  days.  The  addition  of  potassa  or  its  sulphate, 
hastens  the  precipitation. 
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(Z.)  The  latter  was  ingeniously  applied  by  Mrs.  Fulhame  to  gild 
ribbons  moistened  with  a  solution  of  muriate  of  gold  by  means  of  a 
camel's  hair  pencil ;  the  effects  do  not  take  place  unless  water  is 
present ;  the  ribbons  may  be  held  over  the  gas  as  it  rises  from  the 
materials. 

(m.)  Ether  and  volatile  oik  decompose  tMiriate  of  gold;  highly 
rectified  ether  being  shaken  in  a  tube  with  muriate  of  gold,  the 
latter  is  decomposed,  and  the  oxide  is  dissolved  by  the  ether*  This 
solution  was  anciendy  called  Aurum  potabUe*  It  has  been  used 
for  gilding  lancets  and  other  delicate  instruments.* 

(n.)  Gallic  acid  produces  a  dark  precipitate  m  muriate  of  gold  ;  it 
is  decomposed  by  oxalic  acid  in  the  sun's  rays,  and  the  bin-oxalate 
(salt  of  sorrel)  is  still  more  efficient ;  carbonic  acid  is  evolved,  and  in 
an  hour,  the  gold  is  revived  ;  cream  of  tartar  produces  the  same  ef- 
fect, but  more  tardily ;  but  tartaric  acid  does  not  produce  it  at  all. 

V.  Combustibles. 

1.  Sulphur. 

(a.)  Sulphur  does  not  combine  directly  with  gold  ;  but  if  digested 
or  fused  with  an  alkaline  sulphuret,  a  greenish  solution  may  be  ob- 
tained ;  an  acid  tiirows  down  the  gold  combined  with  sulphur,  which 
is  exhaled  by  the  fire,  and  gold  remains. 

(6.^  Sulphuretted  hydrogen,  passed  through  a  solution  of  muriate 
ofgotdy  precipitates  a  sulphuret  composed  of  gold  80.39,  +  sulphur 
19.61,  which  is  very  nearly  in  the  proportion  of  one  equivalent  of 
gold  200,  and  3  of  sulphur  48. 

(c.)  The  alkaline  hydro-sulphurets  precipitate  gold  from  the  solu- 
tion in  aqua  regia,  and  form  a  yellow  sulphuret  with  a  variable  pro- 
portion ofsulphur. 

The  sulphuret  of  gold  is  soluble  in  hydro-sulphuret  of  potassa. 

*  It  is  very  eaiy  to  shew  the  transfer  of  the  sold  to  the  ether ;  the  latter  should 
be  highly  rectified,  and  the  fact  is  best  exhibited  by  taking  a  iong  test  tube  and 
miogung  the  fluids  by  agitation ;  instantly  after  they  are  at  rest,  the  ether  will  be- 
come yellow,  and«i^ill  float  on  the  water  which  retains  the  acid  of  the  solution ;  if 
stands^  gold  has  been  used,  it  will  be  blue,  on  account  of  the  copper.  I  have  kept  a 
saturated  solution  of  this  kind  twenty  years,  in  a  broad  vial ;  as  the  ether  gradually 
wasted,  it  became  covered  with  a  film  of  metallic  gold,  whiQ)i  in  time  fell,  unbro- 
ken, to  the  bottom,  and  was  succeeded  by  several  others  which  also  fell  in  succes- 
sion, until  the  solution  was  nearly  all  decomposed. 

To  prepare  the  etherial  solution  neatly,  the  muriate  of  gold  must  be  obtained  solid 
and  free  from  acid ;  it  must  then  be  dissolved  in  distilled  water  and  the  ether  added ; 
we  have  then  the  singular  spectacle  of  the  heaviest  of  all  bodies,  except  one,  sus- 
pended in  the  lightest  of  all  fluids.  Into  this  solution  a  bright  steel  blade  may  be 
plunged,  and  it  will  come  out  gilded  sufficiently  to  be  easily  observed ;  but  it  re- 
quires repeated  immersions  and  much  care  to  obtain  a  good  coating.  The  etherial 
solution  is  sometimes  applied  by  a  pen  or  brush. 

The  phenomena  of  the  etherial  solution  of  gold  seem  particularly  Inconsistent  with 
the  supposition  that  the  common  solution  is  a  chloride,  but  as  the  gold  appears  to  ex- 
ist in  the  ether  in  the  state  of  oxide,  they  are  easily  explained  upon  the  supposition 
that  it  is  a  muriate.  Oil  of  turpentine  is  nearly  as  active  as  ether  io  dissolving  the 
gold,  and  is  much  cheaper  and  not  so  inconveniently  volatile. 
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(s.^  PAojp&oTttf  edmUMt  tvi^A  jfvlci^  in  eithmr  of  dbe  usmd  ways, 
viz.  phofipboric  glass  and  charcoal  are  beated  with  gold,  or  phos- 
phorus is  dropped  on  melted  gold,  or  heated  m  a  tube  void  oi  air, 
along  with  divided  gold. 

(A.)  Color  iMtith  ;  brittk^  jdiospborus  bums  off  and  kaves  me- 
tallic gold. 

(e.)  PhotphartUod  hydn^on  also  frecipUaiu  gold  from  its  nitro- 
muriatic  solution,  in  the  form  of  a  phosphuret 

V.  Iodine  combinei  wUhgoldhy  the  action  of  its  oxide  upon  fajr* 
driodic  add,  or  of  the  muriate  of  gold  upon  hjdriodate  of  potassa. 
There  is  an  abundant  jelfewish  brown  precipitate,  insoluble  in  odd 
water  and  sparingly  soluble  in  hot ;  at  360^  Fahr.  it  is  decomposed  bj 
heat,  by  nitric  and  sulphuric  adds,  and  by  liquid  alkalies*  Compo* 
sition— iodine  34,  gold  66.  (H.) 

VI.  Bromine  unites  with  gold  ;  its  aqueous  soluaon  dissolves  it ; 
the  yellow  compound  stains  animal  bodies  violet ;  the  solution  of 
brotnide  of  gold  is  red  and  it  aflbrds  cryslak  of  hydro-bromale  or 
gold,  water  yidding  its  elements.  One  gram  of  the  crystab  per- 
ceptibly stains  five  thousand  mins  of  water. 

Vn.  Allots.*~GoU  cwMnneM  vfith  many  mokds^* 

1.  MAKOiLNKSK;f  tko  metaljOi  ahighhuUf  tombinoBf  ^to^  with 
gM;  odmr  reddish  gray;  receives  a  stod  pohsh ;  hard,  alighdy  flat- 
tens under  the  hammer. 

2.  Arsenic,  on  account  of  its  volatility,  eowbineg  wiA  gold  ne- 
IwtanHy;  it  is  made  to  unite  by  bdng  immersed  in  volatilised  me- 
tallic arsenic,  or  by  heating  together  gold,  black  flux  and  white  ox- 
ide of  arsenic ;  it  is  gray  and  britde,  with  a  granular  fiacture ;  the 
arsenic  is  not  all  separated  by  heat ;  plated  gold,  suspended  in  a  hot 
atmo6{diere  of  arsenic,  melts  superficially ;  the  alloy  faUs  in  drops 
and  leaves  a  smooth  surface  of  pure  gold. 

3.  Cobalt,  4  m.  to  1  oz.  ot  gold ;  alloy  paler  than  gold,  slight- 
ly brittle ;  sp.  er.  litde  changed ;  with  48  grs.  cobalt  tp  6  oz.  of  gold, 
more  britde ;  fracture  earthy. 

4.  Antikont;  with  fine  or  standard  gold,  J  of  a  gr.  to  1  oz., 
(tVi  V  of  antimony)  gives  an  alloy  brittle,  granular,  dull  and  bulky,  and 
destroys  the  ductilitfr  of  gold. 

5.  Zinc,  in  vapor^  unites  vfith  gold,  and  impairs  or  destroys  its 
ductili^;  aUoy  britde ;  ^^  fine  brass  fonns  a  ptde  jeUow  granuhr 

*  Mr.  Httcbett*  Phil.  Trans.  1808.  The  ezperimenti  were  made  on  pit)portfong 
from  TV  ^  ij^^  ^  flMa>  or  tvVt  of  the  whole  main.  They  were  undertaken  by 
order  or  the  British  government,  in  relation  to  their  coinage. 

t  The  manganese  was  mixed  with  olive  oil,  which  was  burned  off  several  times ; 
then  placed  in  a  crucible,  lined  with  charcoal,  and  the  gold  was  placed  in  the  midst 
of  the  oxide. 
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compound ;  wids  3  parts  zinc  and  1  gold,  the  alloy  is  still  malleable, 
and  equal  parts  form  a  metal  that  takes  a  high  and  permanent  polish ; 
it  has  heen  proposed  as  a  material  for  the  mirrors  of  telescopes. 

6.  BisifUTH,  38  grs.  to  1  oz.  of  gold ;  a  britde,  pale  greenish 
yellow  alloy ;  sp.  gr.  greater  than  the  mean ;  gold  is  rendered  brit- 
tle by  bismuth ;  even  by  i  gr,  to  the  oz.  although  unchanged  in  color 
and  texture ;  the  fumes  of  bismuth,  even  in  open  vessels,  desuoy 
its  ductili^. 

7.  Tin  38  grs.  to  1  oz.  of  gold,  gives  an  alloy  yellowish  gray  and 
flexible  in  thin  pieces;  sp.gr.  17.307;  either  tin  or  bismuth  ^gr. 
added  to  gold  alloyed  by  copper,  renders  the  gold  very  spongy  and 
diminishes  its  specific  gravity;  but  tin,  if  pure,  is  not  so  injurious  to 
to  the  ductilitjr  of  gold  as  has  been  supposed,  the  efiects  attributed 
to  it  having  probably  arisen  from  bismuth,  lead,  antimony  or  zinc, 
mixed  with  it. 

8.  Lead;  iUjumes  affect  gold  muck  iu  those  of  bumuth  do;  38 
grs.  to  the  oz.  give  an  allov  resembling  pale  fine  gold  externally,  but 
britde  as  glass ;  internally  brown,  dull  and  porcellanous ;  i  gr.  to  the 
oz.  still  renders  the  gold  perfecdy  britde ;  it  is  very  britde  when  the 
lead  is  only  y^^v  ^^  ^^  alloy. 

9.  Ibon,  tfi  all  itsformsy  of  bar  or  cast  irouj  or  steel,  will  unite 
with  goldf  in  the  propordon  of  38  grs.  to  1  oz.  of  gold,  without  di- 
mini^ing  its  ducUlity ;  the  alloy  is  pale  and  hard ;  sp.  gr.  16.885, 
less  than  the  mean ;  obeys  the  magnet  and  is  said  to  he  superior  to 
steel  for  cutting  instruments;  it  may  probably  be  employed  in  the  arts. 

10.  Copper  ;  38  grs.  (standard  propordon,)  to  1  oz.  of  gold, 
gives  a  deep  reddish  yellow  aUoy,  harder  than  gold  and  very  duc- 
tile; sp.  gr.  much  less  than  the  mean ;  equal  parts  form  a  very  duc- 
tile alloy. 

Sometimei  copper ^  probably  firom  its  containing  lead  or  antimon^fr, 
renderi  gold  brittle  as  glass,  and  j^^^  is  sufiicient  to  produce  ttus 
effect.  Gold  coins  usually  contain  about  y'^  of  copper^  which  ren- 
ders them  harder;  sometimes,  as  in  British  coin,  tne  alloy  is  com- 
posed both  of  silver  and  copper,*  and  there  is  always  a  small  quan- 
titv  of  silver  in  native  gold.f  In  France,  the  gold  coin  is  compos- 
ed of  1  part  of  copper  and  9  of  gold.];     Ornaments  and  utensils  are 


*  Average  sp.  gr.  of  British  gold  coins  17.6,  but  it  has  varied  in  different  reigns. 
SO  lbs.  Troy  prodace  9841  sovereigns ;  1  lb.  was  formerly  coined  into  44j|  guineas ; 
now  it  is  made  into  46|{  sovereigns.— fFe&sfer's  Manual. 

t  This  ia  separated  by  the  agency  of  nitric  acid;  cupellation  with  lead  first  takes 
away  the  copper ;  three  times  as  much  silver  as  gold  is  added  and  the  nitric  acid 
then  easily  removes  the  whole  of  the  silver,  although  without  the  addition  of  more 
silver,  it  could  not  abstract  the  very  minute  quantity  that  existed  in  the  gold. 

t  Black  lead  crucibles  are  used  in  forming  this  alloy,  and  wrought  Iron  in  making 
tliat  of  silver,  for  the  French  coinage.— TT^iMird. 

Vol.  II.  46 
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made  of  this  alloy ;  in  France  it  contains,  in  different  cases,  820,  840 
and  750  parts  of  gold  in  1000,  the  rest  being  copper.  In  the  United 
States  the  gold  coins  have  j\  alloy^  which  may  be  composed  of  ang 
convenient  proportions  of  copper  and  silver,  provided  the  latter  is  not 
in  excess.* 

11.  Nickel;  38  grs.  to  1  oz.  gold,  ilie  allojislike  brass;  sp.  gr. 
less  than  the  mean ;  with  8  grs.  slightly  brittle ;  with  4  still  perfectly 
ductile,  and  among  the  metals  formerly  called  semi-metals,  nickel  is 
the  least  injurious  to  the  color  and  ductility  of  gold. 

12.  Mercury  unites  readily  with  gold,  by  mere  contact;  gold, 
rubbed  with  mercury  in  the  palm  of  the  hand,  is  instantly  amalgama- 
ted ;  a  drop  of  mercury  falling  on  a  plate  of  gold  is  immediately 
flattened,  and  the  gold  is  whitened. 

Rub  in  a  mortar,  gold  leaf  with  mercury  and  hot  water,  or  heat 
divided  gold  with  mercury  in  a  flask  or  crucible,  and  a  compound  is 
formed.  A  bar  of  gold  immersed  in  mercury,  is  in  a  few  days  pene- 
trated and  rendered  brittle. 

This  amalgam  may  have  any  degree  of  consistence  according  to 
the  proportions;  with  mercury,  6  or  8  parts  and  gold  1,  it  crystallizes 
in  tetrahedral  prisms,  is  very  fusible,  and  exhales  the  mercury  by  a 
moderate  heat,  leaving  4he  gold  pure. 

13.  Silver  unites  with  gold  in  all  proportions. 

It  dilutes  the  yellow  color  of  gold,  gives  it  hardness  and  elasticity, 
and  the  compound  is  more  sonorous  than  cither  metal  alone ;  ductility 
much  the  same ;  fusibility  greater  than  that  of  gold ;  native  gold  is 
said  to  be  always  alloyed  by  a  little  silver :  silver  is  not  however  al- 
ways alloyed  by  gold,  but  the  ingots  of  both  metals, /ound  in  com- 
merce, contain,  reciprocally,  each  a  little  of  the  otlier,  but  the  gold 
cannot  be  extracted  with  advantage  unless  it  amounts  to  yAir  parts. 
ThSnard,  Only  silver  and  copper  are  proper  for  alloying  gold,  as  all 
other  metals  alter  the  color  and  diminish  tlie  ductility ;  the  latter  proper- 
ty is  affected  by  the  following  metals  in  the  following  order,  beginning 
with  those  that  affect  it  most.  Bismuth,  lead,  antimony,  arsenic, 
Einc,  cobalt,  manganese,  nickel,  tin,  iron,  platinum,f  copper,  silver. 


*  The  eagle  of  ten  dollars  contains  270  grs.  of  standard  gold,  of  which  247^  are 
tine  gold  and  22}  grs.  alloy.  The  troy  pound  of  standard  gold  contains  1 1  oz.  fine 
gold  and  1  oz.  alloy;  it  is  coined  into  21^  eagles,  of  the  value  of  213}  dollars,  or 9 
oz.  standard  gold  are  coined  into  16  eaglas,  of  the  value  of  ISO  dollars.  One  pound 
of  fine  gpid  is,  in  this  country,  worth  15  lbs.  of  tine  silver ;  in  estimating  the  com- 
parative value  of  coins,  the  alloy  is  disregarded  and  the  fine  metals  are  compared. 
«*  Thus  24)  grs.  of  fine  gold,  being  one  tenth  of  the  fine  gold  in  our  eagle,  aie  equiv- 
alent to  our  dollar,  and  muUiplied  by  15  produces  371  j,  the  grains  of  fine  silver  in 
the  dollar." —  Webster' a  Manual. 

\  lyf  r.  Hatchett's  expcrimcnt<(  having  been  made  on  platinum  not  absolulcly  pure^ 
tbfi  Qr(1er  assigned  this  metal  may  not  be  exactly  corroct. 
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Green  gold  is  obtaioed  by  melting  708  grs.  of  pUre  gold  with  292 
of  pure  silver. 

Remark.-^TTie  fineness  of  gold  is  expressed  by  the  number  of 
parts  which  it  contains  of  gold ;  it  is  supposed  to  be  divided  into  24 
parts  cdled  carats:  if  it  contains  10  parts  of  alloy  it  is  14  carats 
fine,  aiid  24  carats  fine  when  it  is  absolutely  pure. 

VIII.— Natural  history.— GoW  is  never  mineralized^  hut  it  is 
frequently  alloyed  by  silver  and  copper^  and  sometimes  by  palladium^ 
tellurium  and  other  metals.  It  is  also  mechanically  dispersed^  in 
small  proportions,  through  various  ores  of  some  other  metals^  as  iron 
pyrites,  galena  and  blende,  which  are  then  denominated  auriferous. 

There  is  a  rich  region  of  gold  in  the  United  States^  first  observed 
in  North  Carolina^  but  extending  south  to  Alabama  and  north  to  Vir-* 
ginia ;  the  gold  was  at  first  found  principally  loose  in  sand  and  gravel; 
afterwards  in  veins,  but  most  of  it  is  now  obtained  from  the  powder  of 
ferruginous  and  earthy  masses  in  which  it  is  dispersed,  and  from  which, 
after  they  are  raised  by  mining,  and  ground  fine  by  machines,  it  is 
extracted  by  amalgamation.  Loose  masses  of  gold  have  been  found 
of  several  pounds,  even  up  to  twenty  eight,  and  of  every  size  down 
to  microscopic  spangles  and  grains.^ 

IX.  Extraction. — Much  gold,  in  fragments  and  grains^  is  found 
loose  in  the  sands  and  diluvial  ruins  of  many  countries,  and  is  picked 
out  or  obtained  by  washing,  or  by  amalgamation  with  5  or  6  parts  of 
mercury.  The  latter  process  is  of  great  importance  and  the  quick" 
silver  may  be  saved  by  distillation  or  allowed  to  escape  in  vapor.  Ores 
that  contain  gold  are  roasted  and  the  reduced  metal  is  cupelled  with 
lead. 

X.  Assay  and  purificatiojit. 

1.  Copper  is  separated  by  cvpdJation  with  lead;  if  the  proportion 
of  copper  is  small,  silver  is  first  added;  the  lead  and  the  copper  are 
absorbed  by  the  cupel,  and  the  silver  is  then  in  a  condition  to  be  dis-^ 
solved  by  the  nitric  aoc^.f 

2.  This  is  called  parting.  It  is  singular  that  silver  in  very  small 
quantity  cannot  be  separated  from  gold  by  nitric  acid,  but  it  is  easily 
removed  if  more  silver  be  previously  added  by  fusion  x  about  3  parts| 
to  1  are  the  usual  proportions.  The  metal  is  laminated  and  corroded 
in  a  glass  flask  with  2  or  3  parts  of  nitric  acid,  sp.  gr.  1.25,'^ed  by 
a  coal  fire ;  action  having  ceased,  the  fluid  is  poured  off,  and  more 
acid  of  rather  greater  strength  is  added  and  agam  heated.     The  gold 

*  See  Am.  Jour.  Vols.  9, 12,  13, 16,  17, 18,  for  the  facts  and  opinioiM  respecting 
its  geological  relations.    This  gold  is  23  carats  fine. 

f  Our  goldsmiths  are  accustomed  to  add  silver  to  their  gold  *,  they  melt  them  to< 
gether,  and  then  dissolve  the  silver  out  by  nitric  acid.  The  process  of  touching,  by 
touch-needles  and  by  touch-stones,  allurds  a  coarse  way  of  judging  of  the  proportion 
of  gold.    See  Aikins*  Diet  Art.  assay. 

f  Hence  called  quartation  because  the  gold  forms  but  one  fourth  part:  two  parts 
of  silver  are  sufficient,  but  more  than  three  parts  can  be  separated  as  easily  as  less. 
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it  carefully  washed  and  melted.  The  silver  is  recovered  by  processes 
already  described  under  that  metal. 

3.  Oold  ii  purified  by  sulphurei  of  antimony  ;  it  is  thrown  in  suc- 
cessive portions  upon  the  alloy  melted  in  a  crucibley  and  the  foreign 
metals,  particularly  iron,  copper,  lead,  tin,  and  silver  unite  with  the 
sulphur,  and  the  gold  with  the  metallic  antimony ;  the  latter  is  burned 
off  by  a  stream  of  air  directed  upon  the  melted  alloy,  and  by  the  ad- 
dition of  nitre,  and  thus  the  gdd  is  left  pure. 

XL  Gilding. — ^Notwithstanding  its  costliness,  goldy  fiiom  its 
beauty  and  from  its  not  being  liabte  to  tarnish,  if  almost  the  only 
metal  uted  to  cover  large  eu^aeeif  especially  on  the  outside  of  build- 
ings.    Gtldine  is  performed  m  several  ways.* 

1.  By  amSgamation. — ^Pure  ^Id,  prepared  by  partbc  by  aqua- 
fortis, is  laminated  and  added  in  pieces  to  8  or  10  parts  of  veiy  pure 
quicksilver,  heated  almost  to  boiling,  and  about  hall  the  quicksilver  is 
evaporated.  Hiis  is  applied  warm  upon  silver,  cleaned  bv  boiKng  in 
weak  muriatic  acid,  also  wanned,  and  a  clear  charcoal  fire  evapor* 
ates  the  mercury;  more  amalgam  is  added  if  necessary,  and  the 
roughnesses  are  removed  by  a  scratch  brush  ;f  the  pale  color  is  im- 
proved by  smearing  it  while  warm  with  gilders'  wax,];  which  is  burnt 
off  once  or  twice,^  and  the  highest  lustre  is  given  by  burnishing. 
Copper  and  brass  are  gilded  in  the  same  manner,  only  the  adbesiott 
of  the  amalgam  is  aided  by  a  previous  precipitation  oi  mercury  from 
its  nitrate  upon  the  copper  cleaned  by  nitric  acid.  Brass  or  copper 
buttonsjl  may  be  gilded  in  this  nx>de ;  they  are  burnished  by  the 
bk)odstone.    The  above  is  called  water  ^dmg. 

2.  Bygold powder. 

J  a.)  jPrepared  by  grinding  gold  leaf  in  a  glass  on  earthen  mortar, 
I  honey  or  gum  Vfoter^  till  it  is  minutely  divided,  and  then  the  honey 
or  eum  is  removed  by  water ; 

(6.)  By  precipitating  gold  by  copper  from  its  nitro-muriatic  solu- 
tion, digesting  the  powder  in  distiDed  vinegar,  and  washing  and  dry- 
ing; 

(c.)  By  evtmorattng  the  mercury  from  the  gold  awu^amf  stirring 
it  to  prevent  adhesion,  and  afterwards  grinding  it  with  water  and  dry- 
ing it.    These  powders  are  applied  by  adhesive  compositions. 

Sometimes  a  linen  rag  is  dipped  in  the  solution  of  gold  and  burned, 
and  the  black  powder  is  rubbed  by  a  moistened  cork  upon  the  me- 

*  Aikins'  Diet  Art.  GOding,  which  lee  for  many  particulars. 

t  A  tuft  of  fine  bran  wire. 

t  Composed  of  bees  wax,  red  ochre,  a]um,  and  green  yitriol ;  when  the  wax  is 

imt  oflf,  the  piece  is  quenched  in  urine. 


f  SoBMtimes  a  mixture  of  eaual  parti  of  nitre,  sal-ammoniac,  rerdigris  and  green 
vitriol ;  or  of  nitre,  common  salt  and  a]um,  are  employed  fbr  the  same  purpose. 
I  6  grs.  of  gold  will  gild  144  buttons  of  an  inch  in  diameter,  on  both  sides. 
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taOic  surface  till  the  gold  appears,  vihen  h  is  burnished ;  this  was  for- 
merly applied  chiefly  to  silver,  and  is  now  disused. 

3.  Bygold  Unf. 

(a.)  Wood  is  gilded  by  first  priming  it  several  times  with  boiled 
linseed  oil  and  white  lead,  and  then  covering  it  with  gold  size,*  upon 
which  the  gold  Zeq/* readily  adheres ;  it  cannot  be  burnished,  but  can 
be  cleaned  with  watef  and  a  soft  brush ;  it  is  used  prmcipally  on  out 
door  work. 

(ft.)  Burnished  gilding  or  gilding  in  distemper j  as  it  is  called,  is 
performed  by  covenng  the  surface  with  a  strong  size  or  glue,  and 
tlien  with  8  or  10  coatinss  more  of  the  size  mixed  with  plaster  of 
Paris  or  chalk,  and  lasUy,  a  layer  of  size  mixed  with  bole ;  before 
this  last  coat  is  dry,  the  gold  leaf  is  applied,  and  by  a  slight  pressure 
pf  a  cotton  baU,  it  adheres,  and  before  it  is  quite  dry,  those  parts  that 
are  to  be  brilliant  are  burnished  with  an  agate  or  a  dog's  tooth.  This 
gilding  is  applied  chiejfy  to  picture  frames,  looking  glass  frames  and 
other  in-door  work.  I  have  observed  the  gilders  here  to  wet  the 
coating  of  plaster  of  Paris  with  spirit ;  the  evaporation  appears  to 
generate  electrical  attraction  ;f  for,  me  gold  leaf,  when  suspended  and 
brought  near,  instantly  flies  to  the  surface,  clings  to  it  and  covers 
every  irregularity  completely. 

(c.)  Oold  letfis  applied  to  paper ^  veUum^  signs  ofshops^  ^c.  and 
to  books  by  various  adhesive  substances,  such  as  size  alone,  or  mixed 
with  white  lead,  and  for  book  covers,  sugar  candy  and  bole,  rosin 
and  mastic,  aid^d  sometimes  by  a  heated  iron. 

{d.\  Drinking  glasses  and  other  utensils  are  gilded  by  applying 
an  adhesive  varnish  of  drying  oil  and  the  resin,  anim^  or  amber,  dilu- 
ted with  oil  of  turpentine ;  the  vessel  is  warmed,  and  the  gold  leaf 
applied  while  the  varnish  is  soft ;  it  is  then  burnished  before  the  var- 
nish is  hard. 

(e.)  Sometimes  the  gold  is  applied^  both  to  glass  and  porcelain, 
in  the  state  of  gold  powder  mixed  with  gum  water  and  borax ;  a 
slow  heat  bums  off  the  gum  and  vitrifies  the  borax ;  the  gold  is  thus 
burnt  m,  and  is  then  burnished. 

(/•)  Copper,  iron  and  sted,  are  covered  by  gold  leaf  by  adhesion 
and  pressure;  the  burnished  metallic  surface  is  heated  to  the  pcMnt 
of  melting  lead,  or  if  it  is  iron,  till  it  is  blue ;  a  double  layer  of  gold 
leaf  is  applied  and  carefully  burnished  by  the  bloodstone,  and  other 
layers  are  applied  to  make  a  solid  gilding ;  this  mode  is  efiectual  but 
tedious. 

(g.)  Silver  and  copper  wire  are  gilded  in  this  manner,  by  applying 
sheets  of  gold  to  a  rod  of  the  metal;  then  it  is  drawn  through  the  plate, 

*  Made  of  calcined  red  ochre,  ground  with  old  and  thick  drying  oil,  and  diluted 
with  oU  of  turpentine  to  make  it  pliable ;  it  wiU  dry  in  12  faonn. 
t  Agreeably  to  well  ascertained  fiictB. 
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and  the  union  is  peifect,  although  the  wire  is  extended  to  extreme  fine« 
ness.  To  form  gold  thread,  the  wire  is  flattened  by  polished  steel  cylin- 
ders, and  wound  by  a  machine  around  the  thread ;  its  coniinuiQr  is 
unbroken,  although  it  is  said  that  its  thickness  is  but  the  ttttttit  ^' 
an  inch.* 

Gilding  by  ether  has  been  already  mentioned. 

The  ancient  Romans  were  remarkable  for  a  |5rodigal  use  of  gilding, 
and  the  modem  French  have  followed  their  example,  both  on  public 
and  private  buildings. 

XlL  PoLARiTT. — Electrihponiivef  and  like  other  metals,  it  goes 
to  the  negative  pole. 

XIU.  MiscELiiANCous. — The  tues  of  gold  are  tuffidently  obviaus 
from  the  common  experience  of  mankind,  as  well  as  from  the  pre- 
ceding details ;  the  mast  impariant  2^efar  a  coin  and  for  ornamental 
purposes. 

Uold  has  been  used  in  medicine;  and  for  the  discussion  of  the  con-* 
troverted  question  of  its  utiliQr  in  certain  cases,  as  a  substitute  for 
mercury,  we  refer  to  the  medical  authorities.  It  has  been  empbyed 
in  the  form  of  aurum  potabile,  (etherial  solution ;)  divided  gold ; 
oxide;  ammoniacal  oxide  and  of  the  precipitate  by  tin  and  its  muri- 
ate ;  all  these  have  been  described.  It  remains  only  to  add,  that  a 
soda-muriate  has  been  used  in  medicine,  formed  by  adding  an  equal 
quantity  of  common  salt  to  the  evaporated  muriate,  (chloride,)  dissolv- 
ing them  in  distilled  water,  and  evaporating  them  again  to  diyness. 

Remark. — Humboldt  estimates  the  whole  quantity  of  gold  pro- 
duced annually  bv  South  America  and  New  Spain,  to  be  nearly 
1  ]  ,000,000  of  dollars.  Europe  furnishes  about  -r'f  as  much,  and 
most  of  this  comes  from  Hungary. — Thenard. 

Sec.  XXXVI. — PLATiNUM.f 

t.  HisTORT  AND  NAME. — First  mentioned  by  Don  Ulloa,^  in  1748, 
in  an  account  of  a  voyage  to  Peru,  made  in  1735.  Mr.  Wood,  assay 
master  of  Jamaica,  first  discovered  it  and  brought  it  to  Europe,  but 
his  observations  were  not  published  until  1749-50.|  Many  distin- 
guished chemists  examined  it  in  the  latter  half  of  the  last  and  begin- 
ning of  the  present  century. 


*  Bigelow,  Tochnol.  p.  394. 

t  The  word  platina,  in  Spanish,  is  a  diminutive  of  plata,  and  means  litUe  silver, 
upon  the  idea  that  it  is  related  to  that  metal. 

t  See  Philof.  Trans.  In  that  year,  specimens  were  presented  to  (he  Royal  Socie- 
ty by  Dr.  Brownrigir;  they  came  from  Carthagena ;  toys  and  trinkets  had  been  dis- 
persed through  the  Spanish  West  Indies,  made  from  an  alloy  of  platinum,  probably 
with  silver. 

§  He  accompanied  the  French  academicians  who  went  to  Peru  to  determine  the 
figure  of  the  earth. 
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II.  Properties/ 

(a.)  Color  white;  intermediate  between  that  of  silver  and  ttn,  or 
tin  and  iron. 

(6.)  When  pure^  it  is  soft,  is  easily  cut  by  scissors  or  scratched 
by  the  nail,  but  if  alloyed  by  any  meta],  especially  iridium  or  os- 
mium, it  is  very  hard, 

(c.)  The  heaviest  metal,  and  of  course  the  heaviest  substance 
knoum  ;  sp.  gr.  at  the  maximum,  formerly  stated  at  23  or  24,  now 
at  21.5,  as  it  is  found  in  fine  platinum  wire.* 

{d.)  Has  considerable  elasticity  ;  sufficient,  as  has  been  said,  for 
maldng  the  pendulum  spring  of  watches ;  receives  a  high  polish. 

(c.)  Very  malleable,  ductile  and  laminable  ;  wire  is  easily  drawn 
from  it  of  ^Vyir  and  even  ^^V  o  of  ^^  inch  diameter.  Dr.  Wollaslon 
has  drawn  it  to  the  fineness  of  jVito j  ^^^  ^7  &^^^  ^^r®>  ®^^°  ^o 
avJirT't — Murray. 

(/.)  It  may  be  beaten  and  rolled  into  leaves  as  thin  as  tinfoil;  they 
are  now  common  in  laboratories,  and  are  of  great  utility  in  wrapping 
up  substances  that  are  to  be  exposed  to  heat. 

(jg.)  Tenacity,  a  little  inferior  to  that  of  iron  ;  if  the  latter  breaks 
with  600  pounds,  platinum  requires  590,  and  gold  500. — JVollaston. 

(A.)  Less  dilatable  by  heat  than  most  metals,  and  also  a  less  perfect 
conductor ;  it  is  yV  as  good  as  copper,  and  j*j  as  good  as  silver.J 

(t.)  Capable  of  being  welded  ;i  divide  the  pieces  in  a  slanting 
direction,  by  a  sharp  tool ;  the  surfaces  being  heated  to  full  redness 
will  unite  firmly  by  the  blows  of  the  hammer ;  if  the  surfaces  are 
burnished  they  do  not  unite. 

(/•)  Qf^^^y  difficult  fusion  ;  does  not  melt,  or  suffer  any  change 
in  porcelain  or  glass  house  furnaces,  or,  without  addition,  in  any  fur- 
nace. Platinum  crucibles  come  out  of  the  furnaces  unaltered,  even 
in  symmetry.  II 

*  A  button  that  had  been  melted,  had  the  sp.  gr.  21.16;  the  meaQ  gravity,  after 
forging,  is  21.25,  and  that  of  some  rods  after  drawing,  21.4. —  Wollaston. 

t  Dr.  Wollaston  succeeded  by  fixiog  a  large  platinum  wire  in  the  middle  of  a  hol- 
low cylindrical  mould;  silver  was  then  cast  around  it, ^ and  after  being  drawn 
sufficiently  through  the  wire  plate,  the  silver  was  dissolved  by  nitric  acid,  which 
left  the  platinum  untouched.  A  similar  arrangement  was  adopted  by  M.  Bec- 
querel,  Ann.  de  Chlm.  et  de  Phys.  Vol.  XXII,  p.  113;  he  used  a  mould  of  earth, 
and  he  drew  steel  wires  of  extreme  fineness  in  the  same  way,  only  the  silver  was 
removed  by  the  action  of  mercury,  but  several  precautions  are  necessary  for  success. 

t  Both  on  account  of  its  infusibility  and  its  slow  conducting  power,  it  is  much 
used  to  make  forceps  and  spoons  for  holding  substances  used  m  blowpipe  experi- 
ments. 

§  It  must  not  be  held  by  the  iron  tongs  while  it  is  heating,  for  it  combines  with 
the  iron  ;  only  these  two  metals  have  the  welding  property  ;  except  that  pieces  of 
sodium  when  first  cut,  unite  by  procure ;  I  attempted  to  have  platinum  welded  by  a 
good  black-smith,  but  he  did  not  succeed ;  a  thin  film  of  iron  from  his  tongs  soon 
covered  the  metal,  and  the  surfaces  would  not  unite. 

II  At  a  full  tchite  Jieat,  utensils  of  this  metal  are  so  soft  as  to  be  impressed  by  hard 
substances,  and  the  injury  they  would  thus  suffer,  can  be  avoided  only  by  enclosini; 
them  in  smooth  clay  vsesels. — a.  a.  h. 
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{k.)  Fused  by  the  most  powerful  lenses^  and  by  amea»t  mbrron — 
bv  oxygen  gas,  directed  upcm  buraiog  charcoal ;  by  the  eamp<mnd 
blowpipe  it  is  melted  with  the  greatest  facility;  a  platinum  wire  held 
m  its  focus  melts  as  readily  as  wax  in  a  candle ;  it  scintillates,  falls  m 
ignited  drops,  and  some  of  it  is  even  volatilized. 

It  was  mdtedj  when  imbedded  in  charcoal,  and  heated  in  a  wind 
furnace  ;f  in  contact  with  charcoal,  it  fuses  in  small  quantities  with 
fluxes f  as  borax  and  glass;  delicate  points  may  be  melted  by  the  com- 
mon blowpipe. 

III.  Relation  to  oxygen. 

(a.)  Ab^  oxidized  by  heat  and  air,  and  suffers  no  change  from 
them  even  by  unlimited  exposure  ;  the  crude  grains  of  platinum  be- 
come indeed  dull,  but  the  change  is  owing  to  iron  or  other  impurities. 

(&.)  Wires  of  platinum  are  apparendy  oxidized  by  powerful  gal- 
vanic and  electric  discharges. 

(c.)  Effectually  oxidized  by  nitro-muriatic  acid,  and  m  some 
measure  by  hot  nttre^X 

{d.)  Oxides. — It  is  supposed  that  there  are  two  oxides  of  plati- 
num, both  of  which  are  reducible  by  heat  alone — the  oxygen  being 
expelled,  and  the  metal  remaining;  therefore,  and  on  account  of  its 
other  properties,  it  if  a  noble  metal. 

(e.)  As  the  only  effectual  method  of  obtaining  the  oxides  of  pla- 
tinum is  by  the  action  of  nitric  and  muriatic  acid,  we  must,  as  in  the 
case  of  gold,  anticipate  in  mentioning  the  muriates  or  chlorides  now. 

(/.)  Protoxide.^-— Obtained  by  the  action  of  a  solution  of  potassa 
on  the  proto-cUoride,  or  proto-muriate,  of  platinum  ;  it  is  in  the  state 
of  a  black  hydrate,  and  consists^  of  96,  or  1  equiv.  of  the  metal, 
and  of  8,  or  1  equiv.  of  oxygen  =104;^ this  result  is  obtained  by 
weighmg  the  preci]Htate,  expelling  the  oxygen  by  ignition,  and  then 
weighingthe  metallic  residuum. 

(g.)  Detstoxide  or  peroxide. — Obtained  by  decomposing  (he  ni- 
trate with  a  gentle  heat,  or  by  precipitating  the  sulphate  by  poUusa. 
Latigier.  Or,  by  evaporating  the  muriate  a£nost  to  dryness— diluting 
the  residue  with  water,  and  decomposing  it  by  nearly  an  equal  weight 
of  caustic  soda ;  the  oxide  is  black;  in  the  state  of  hydrate  it  is  yel- 
low like  rust;  its  composition  is  1  equiv.  of  platinum,  96+2  equiv. 
of  oxygen,  16=112.|| 

*  A  rlobttle  of  29  grains  boiled  vloleDtiy  in  the  focus  of  a  lens  three  feet  in  diame- 
ter.—H.  and  Ann.  de  Chim.  Vol.  LXIX,  p.  88. 

t  Man.  Mem.  Vol.  III.  p.  487. 

t  Phil.  Trans.  1797.— Tennant. 

6Berzeliu8,  Ann.  de  Chim.  etde  Phys.  Vol.  XVIII,  p.  147. 

II  A  tritoxide  of  platinum  has  been  described  by  Mr.  E.  Davy,  (Phil.  Trans.  1820) ; 
it  was  obtained  by  IxMling  together  strong  nitric  acid  and  fulminating  platinum,  dry- 
ing the  product  by  a  heat  just  below  rmlness,  and  then  washing,  first  with  water, 
aflM  afterwards  with  a  little  potassa  ^  its  composition  appears  to  be  one  equiv.  of  pla- 
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IV.  Relation  to  Acids. 

(a.)  Platinum  is  acted  on  by  no  acidj  except  the  niirOf*muriatic^ 
which  is  therefore  the  appropriate  solvent ;  the  best  proportions  are 
3  muriatic  to  1  nitric^— with  die  application  of  a  moderate  heat ;  the 
phenomena  are  extremely  similar  to  those  which  attend  the  solution 
of  gold,  and  there  is  a  great  resemblance  between  the  physical  char- 
acters of  the  two  metals. 

(6.)  The  best  method  is  to  pour,  in  a  glass  retort,  all  the  muri<ittic 
acid  on  the  laminated  metal,  or  on  the  grains  if  the  native  metal  is 
used;  then  add  i  of  the  nitric  acid  ;  appl^  a  gentle  heat ;  when  the 
action  ceases,  add  more  acid,  and  so  on  tdl  the  whole  is  used ;  then 
distil  over  the  superfluous  acid  into  the  receiver ;  it  will  dissolve 
more  platinum,  if  more  muriatic  acid  is  added. 

(c.)  16  oz.  muriatic  acid  +4  nitric,  will,  by  good  management, 
dissolve  3  oz.  2\  dr.  of  platinum.* 

(d.)  Dr.  Wottaston  (who  had  more  experience  with  platinum 
than  any  other  man)  recommends  single  aqua  fortis,  sp.  gr.  1.19  to 
1.20,  in  such  proportion  that  if  it  would  dissolve  40  of  marble,  the 
muriatic  acid  should  dissolve  ISO,  and  to  this  mixture  100  of  crude 
platinum  would  be  equivalent ;  the  acids  should  be  allowed  to  digest 
three  or  four  days  with  a  heat  gradually  raised. f 

(6.)  State  of  the  solution. — ^The  remarks  that  were  made  under  a 
similar  head  in  connexion  with  gold,  are  probably  applicable  here. 
It  is  not  exactly  agreed  whether  the  solution  is  a  chloride  or  a  muri- 
ate ;  although  the  latter  appears  the  most  probable,  the  one  supposi- 
tion or  the  other  may  be  admitted,  as  the  phenomena  may  sp^m  ta 
require. 

MURIATE   OF   FliATINUIf. 

We  will  describe  the  solutions  as  they  ordinarily  appear,  and  en- 
deavor afterwards  to  distinguish  their  various  conditions. 

(a.)  The  color  of  the  solution,  made  from  the  native  grains,  is  deep 
reddish  or  orange  oroum,  but  the  brownish  color  is  owing  to  iridium. 

(b.)  The  color  of  the  pure  muriate  of  platinum  is  beaut^  orange 
yeUow,  much  resembling  that  of  the  muriate  of  gold,  but  rather 
more  intense. 

(c.)  Taste  acrid;  crystals  can  be  obtained  by  evaporation. 


tinum,  96+1}  of  oxygen  12=^108,  which  places  it  intermediate  between  the  two 
other  oxidea.  There  is  still  some  obscurity  resting  upon  the  oxides  of  platinum,  and 
perhaps  upon  the  equivalent  of  tlie  metal.    The  color  of  this  oxide  is  gray. 

*  Amos,  Proust. 

t  A  fine  pulverulent  ore  of  iridium  will  subside,  but  of  this  mention  will  be  again 
made  in  the  proper  place.  See  Phil.  Trans.  1829,  and  I'hil.  Mag.  and  Ann.  Vol. 
VI.  p.  1. 

Vol.  II.  47 
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(d.)  Decomposed  by  heat;  all  volatile  principles  are  expelled,  aod 
metaluc  platmum  is  obtained. 

ACTION   OF   CHLORINE.— -CHLORIDES. 

(a.)  Plaiinumi  heated  in  chlorine  gasy  is  slowly  acted  on,  and 
forms  a  broton  or  olive-colored  ddoride.* 

{h,)  It  is  dissolved  also  by  the  aqueous  soludon  of  chlorine. 

(c.)  Perchloridej  or  muriate  ofaeutoxide. 

By  evaporating  the  solution  to  dryness  by  a  gende  beat,  the  su« 
perfluous  acid  is  expelled,  and  the  sdid  chloride  is  obtained;  "  it  is 
deliquescent,  and  is  soluble  in  water,  alcohol  and  ether ;"  Ugbt  de^ 
composes  the  latter  solution,  and  deposits  metallic  platinum. 

(a.)  Proto^hloride. 

If  the  per-chloride  is  heated  to  the  point  of  melting  lead^  it  gives 
up  a  portion  of  chlorine,  and  becomes  proto-cbloride.  If  unmixed 
with  per-chloride,  it  is  insoluble  in  water,  which  removes  the  per* 
chloride  when  they  are  mixed.  It  is  supposed  that  the  prolo-chlo- 
ride  is  composed  of  one  equiv.  of  platinum,  96+2  of  chlorine  72, 
and  that  the  proto-cbloride  has  half  as  much  chlorine }  but  this  point 
is  not  quite  settled. f 

TRIPLE    COMPOUNDS. 

(a.)  The  solution  of  muriate  of  platinum,  (per-chloride,)  is  decom- 
posed by  munate  of  ammonia;  this  is  a  characteristic  property ;  the 
precipitate,  if  pure,  is  of  an  orange  color,  and  it  is  a  compound  of  mu- 
riate of  ammonia  and  chloride  of  platinum. 

(ft.)  It  is  decomposed  by  a  red  neat,  and  platinum  remains  in  the 
spongy  form  ;t  in  this  state  it  is  very  effectual  in  kindling  a  mixture 
of  oxygen  and  hydrogen  gases  }^  this  may  be  redissolved  in  nitro- 
muriatic  acid,  again  precipitated  as  above,  and  again  ignited  and  re- 
dissolved,  and  the  solution  will  be  free  from  the  foreign  metals. 


*  The  question  is  I  believe  unsettled  whether  this  chloride,  by  solution  becomes  a 
muriate ;  if  the  general  view  of  chlorides  and  muriates,  at  present  entertained,  is  cor- 
rect, it  is  not  easy  to  assign  a  reason  why  this  should  not  be  the  fact,  or  why  the 
solution  of  the  metal,  effected  by  the  nitro-muriatic  acid,  is  not  a  true  muriate.  I 
give  in  the  text  the  usual  view  of  the  chlorides  of  platinum,  without  however  feel- 
ing satisfied  that  they  are  not  muriates,  at  least  when  in  solution. 

f  Ann.  de  Ch.  et  de  Ph.  Vol.  40,  p.  110.  A  third  chloride  was  named  by  Mr.  E. 
Pavy;  and  Berzellus,  favors  the  existence  of  a  sesqui-chloride. 

X  Vol.  I,  p.  223.     It  is  In  this  state  fit  for  solution,  &c. 

§  The  late  Prof.  Dana,  discovered  that  the  vapor  of  ether  or  alcohol  falling  upon 
warm  platinum  sponge  was  ienitcd,  as  hydrogen  gas  is.    Am.  Jour.  Vol.  VIII,  p.  196. 

it  is  said  that  moistening  me  orange  precipitate  of  platinum  with  strong  ammonia, 
and  then  igniting  it,  pve^  a  spongy  platinum  of  great  sensibility  in  producing  igni* 
tton.    Webster,  quoting  Hcnsmann^s  Repert.  de  Chiin. 
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(c)  The  orange  preeipiiate  is  soluble  in  waterjin  the  proportion 
of  1.  oz  to  8  or  9  pounds,  and  gives,  by  evaporation,  small  octohe-* 
dral  crystals. 

(d.)  Compasition^^-^l  equiv.  of  platmum  96,  +  2  equiv.  of  chlo- 
rine 72,  +  1  equiv.  of  muriate  of  ammonia*  54,  =  222. 

(e.)  This  triple  salt  becomes  a  mere  muriate  or  chloride  of  platinum 
by  the  simple  action  ofnitro-muriatie  acid  or  chlorine  ;  it  is  decom- 
posed, in  part,  also  by  fixed  alkalies  and  lime  water. 

{f.S  Potassaf  and  soda,  both  the  pure  alkalies  and  their  scdts^ 
also  form  triple  compounds  with  muriate  of  platinum;  they  are  yel- 
low,  exhale  chlorine  by  ignition,  and  leave  metallic  platinum  mixed 
with  a  chloride  of  the  alkali.| 

(g.)  One  part  of  platinum  with  two  of  common  salt,  and  some  nitric 
acid  being  placed  in  a  retort,  distil  over  ^ ;  the  remainbg  liquor  gives 
fine  prismatic  crystals,  4  or  5  inches  long,  reddish  brown,  amber 
colored  or  coquelicot  ;^  a  similar  result  is  obtained  by  mingling  a  so- 
liition  of  common  salt  with  muriate  of  platinum. 

(A.)  These  salts  are  compounds  of  the  muriate  or  chloride  ofpHa^ 
tinum^  with  the  muriate  or  chloride  ofpoiassa  or  soda. 

(t.)  The  soda  compound,  considered  as  a  chloride,  is  composed 
of  1  equiv.  bi-chloride  of  platinum  168,  +  1  equiv.  chloride  of  so- 
dium 60,  +  8  equiv.  of  water  72,  =  200,  and  the  potassa  compound 
is  similar,  omitting  the  water  and  substituting  76  for  the  chlonde  of 
potasaum. 

(j.)  Baryta,  strontia,  and  limCj  with  muriate  of  platinum,  present 
the  same  phenomena  as  the  alkalies. 

(k.)  Muriate  of  platinum  is  not  decomposed  by  green  sulphate  of 
iron,  nor  by  prussiate  Tferro-prussiate)  of  potassa. 

{L)  Tincture  of  gaUs  gives  a  dark  green  color,  becoming  paler  by 
standing. 

(m.)  Sulphuretted  hydrogen  gives  a  brown  precipitate. 

(n.)  Etlir  dissolves  the  muriate  or  chloride,  and  this  soludon  may 
be  applied  in  the  same  manner  as  that  of  gold. 

(o.)  Muriate  of  tin,  is  a  most  delicate  test  of  platinum  ;  a  solution 
nearly  as  pale  as  water,  assumes  a  bright  red  color  by  a  single  drop 
of  the  soludon  of  the  recent  muriate. 


*  Other  ammonia  muriates  of  platinum  are  described,  EIng.  Quar.  Jour,  of  Science, 
May,  1829,  p.  193. 

t  Potassa  throws  down  also  a  portion  of  a  reddish  matter  which  forms  octohedral 
crystals,  a  compound  of  iridium ;  if  we  continue  to  add  the  alkali,  the  yellow  po- 
tassa muriate  appears. 

X  The  muriate  of  platinum  is  used  to  separate  potassa  from  soda,  or  to  indicate  tlie 
presence  of  the  former ;  the  mixture  of  the  double  chlorides  being  digested  in  aico* 
nol,  the  soda  chloride  only  dissolves. — a.  a.  h. 

§  Nich.  Jour.  Vol.  IX,  p.  67.*Henry. 
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(p.)  Hunefmmd  kfdrioeUc  acid  to  fo  even  a  more  ddteate  test  of 
plahMvm  thorn  fuuriate  of  Itn,  (p.  78  of  this  volume,  and  note  $*)  k 
produces,  even  in  a  very  dilute  solution,  a  red  color  which  soon  oe- 
eomes  deep  red,  and  a  metallic  peBicle  bood  covers  the  fluid,  and  is 
vei^  distinct  after  the  repose  of  a  night. 

(qA  AlkaUei  and  nitre,  at  ignition^  corrode  platinum  very  sensi- 
bly ;  nence  phtmum  vesseb  cannot  be  used  vrm  caustic  aikaties. 

V.  Combustibles. 

1.  Pho^honu  eaeihf  combinei  irM  plaiinwn  in  any  of  the  modes 
so  often  mentioned,  or  by  passing  pho^huretted  hydrogen  gas  into 
the  solution  of  the  metal ;  a  vivid  ignition  happens  when  the  phos- 
phorus and  platinum  combine  in  a  tube,  although  exhausted  of  air. 

h  is  a  britde,  bluish  gray  powder,  hard,  infusible  and  decomposable 
by  heat,  it  appears  to  combine  in  two  proportions^  producing  a  pro- 
to-  and  bi-phosphuret. 

ft.  S^pkur  readUy  uniiei  with  platinum. 

(a.)  By  heating  the  metal  and  sulphur  together. — ^Mr.  Faradayf 
recommends  to  volatilise  the  sulphur  through  platinum  ignited  in  a 
tube. 

(ft.)  By  heating  the  orange  precipitate  of  piatiBum  and  amraonia, 
10  pans,  with  su^hur  20.% 

(e.)  By  passing  sulphuretted  hydr(^en  gas  iliroii^  die  sohidon  of 
llie  muriace ;  ibis  last,  Vanquelin  considered  as  a  compound  of  sul- 
phuretted hydrogen  and  oxide  of  platinum,  but  Dr.  Henry  thinks  it 
k  rather  a  bi-sulphuret ;  it  is  black. 

The  sulphuret,  formed  by  the  processes  {a*  and  b.)  is  abo  bladE, 
ihfusifale  and  contains  16  per  cent,  of  snlphor. 

Sulphate  ofvlatinum. 

^a.)  f\>rmea  by  the  action  of  nitric  acid  upon  the  sulphuret  or 
hyaro-sulphuret. 

(&.)It  is  sokiUe  in  water,^  alcohd||  and  ether ;  it  crystaHizes 
with  diffievdiy,  and  is  decomposed  by  a  kyw  red  heat ;  its  volatile 
principles  are  expelled,  and  platinum  remains. 

^D.)  S^ong^tfueeui  solution  of  the  sufykate^nd  deohol,'^  equal 
vidittiie^  hemg  a^tated  and  allefwed  subsequent  pepose,  or  boUed  to- 
gether, will  dqfosit  a  black  powder  wUch  is  edidcorated,  till  it  is  no 
longer  acid,  and  it  is  then  dried  at  about  250^. 


•  Aim  Am.  Jour.  Vol.  VI,  p.  37S. 

t  Chera.  Man.  p.  Sil.  t  Ann.  de  Chim.  et  de  Phyt.  Vol.  Y, p.  2S2. 

{  TWi  folutioo  is  tiko  belt  test  for  gehtiDe,  which  it  preeipiUies  entirely,  or  if 
any  remaini  su*jpended,  it  falls  on  being  boiled. 

H  The  sulphates  oC  other  bases,  are  generally  insoluble  in  alcohol. 

11  The  strength  of  the  alcohol  is  not  veiy  material,  and  ether  may  be  substituted 
for  it 
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(d.)  It  is  insoluble  and  tastelesss ;  explodes  when  heated  on  a 
slip  of  platmum  or  on  paper,  and  the  metal  is  reduced. 

(e.)  In  ammoniacal  gas,  it  hecmnes  ignited  and  scintUiaies  ;  it  is 
also  ignited  by  placing  a  particle  of  it  on  any  porous  body,  as  paper, 
sponge,  cork,  or  asbestos,  imbued  with  alcdbol  or  whiskey,  so  that  it 
can  be  used  for  kindling  a  match,^  as  it  remains  ignited  tUl  the  spirit 
is  consumed ;  the  alcohol  is  decomposed,  and  acetic  acid  b  ibrmed* 

(/.)  Composition,  platinum  96i,  per  ct.  with  nitrous  acid  and  a  lit- 
tle oxygen  and  carbon.f 

3.  Ftdmituiting  plaiinum.'l 

(a.)  Formed  by  decomposing  sviphaie  t^ptaiiwim  by  amsnonia  in 
excess;  the  precipitate  is  a  tri^e  compound  of  sulphuric  acid,  oxide 
of  platinum  and  ammonia ;  the  washed  precqutale  is  boiled  almost  to 
dryness,  with  solution  of  potassa,  which  takes  the  sulphuric  acid  and 
leavses  the  ammonia  in  combination  with  the  oxide  of  platinum,  and 
some  ammonia  in  excess  escapes ;  die  precipitate  is  then  well  wash* 
ed  and  dried  gradually,  during  several  days,  at  212^. 

(6.)  Broum,  of  various  sbades,^^  1  gr,  heated  (0  400^  or  430^  F. 
on  a  slip  qf  copper,  explodes  Vfith  a  flash  of  light  and  Umier  than  a 
pisiel,  and  indents  the  copper ;  it  does  not  explode  by  percuaskxiy 
but  decrepitates  feebly,  by  friction,  in  a  warm  mortar ;  it  explodes  on 
beated  p^ier,  and  yV  of  ^  gi^n  tears  k ;  i^en  it  is  expbded  between 
two  slips  of  metal,  the  loweiAH  is  most  impressed.  By  carefiil  drying 
and  gradual  heating,  its  explosive  power  is  much  increased ;  it  does 
not  explode  by  the  electric  or  ^vanic  ^ark ;  neither  does  ftilmina- 
ting  goU. 

(c.)  As  it  is  a  compound  of  oxide  of  platiBum,  ammonia  and  wa- 
ter, the  theory  of  its  explosion  is  simSar  lo  that  of  ftdminataig  gold. 
Mr.  £•  Davy  states  its  composition  thus, 

oxide  of  platinum  82.5  \  P*"*^""»  'J!! 

1  oxygen,  o.76 

water,  17.6  ^ 

100 

VI.  Allots. 

The  tisefid  alloys  of  platinum  are  not  numerous,  although  it  unites 
with  most  of  the  metals. 

1.  SiLviBSiforms  a  tolerably  fusible  white  alloy,  malleable  and  bril- 
liant when  polished,  but  it  scales  and  blackens  by  working;  from  fu- 

*  Mr.  Davy  made  a  tinder  box  upon  thU  principle. 

t  The  carbon  was  supposed  by  Mr.  Davy,  to  be  aocideBtal.— Phil.  Trans.  1820. 

*  E.  Davy,  Phil.  Trans.  1817. 

§  The  color  does  not  appear  to  aifect  its  properties,  unless  the  drying  is  pushed 
so  far  as  partially  to  decompose  it. 

II  Probably  because  (he  greater  heat  there,  both  soften  the  metal  and  produces  a 
more  perfect  action  of  the  detonating  powder. — j.  t.  1  have  no  donbt  that  this  rea- 
son is  just,  having  observed  the  same  fact,  with  other  explosive  powders. — b.  s. 
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sion  it  crystallizes  roughly  on  the  exterior  so  as  to  resemble  a  coarse 
file. 

2.  Gold,  by  a  forge  heat^  combines  toith  pkttinumj  and  the  alloys 
in  all  proportions  are  more  fiisible  than  platinum  ;  b  the  proportioa 
of  38  grs.  to  1  oz.  it  forms  a  yellowish  white  ductile  hard  alloy ;  it  b 
80  elastic  after  hammering,  iksi  it  has  been  proposed  to  use  it  for 
watch  springs.* 

A  little  platinum  debases  the  color  of  gold  ;\  with  f  gold,  the 
color  is  that  of  platinum,  and  with  1 1  of  gold  to  1  of  platinum,  the  al- 
loy resembles  tarnished  silver,  and  is  very  ductile  and  elastic. 

3.  Mercury,  by  trituration  unth  spongy  platinum^  or  less  easily 
with  the  orange  ammoniacal  precipitate  forms  an  amalgamjX  at  fir^ 
soft,  but  which  soon  becomes  considerably  firm,  and  has  be^  much 
used  in  obtaining  malleable  platinum.  A  coating  of  platinum  can  be 
given  to  copper  and  other  metals  by  applying  to  them  an  amalgam  of 
spongy  platinum  and  5  parts  of  mercury ;  the  latter  metal  is  then  vol- 
atilized by  heat. 

4.  Lead  combines  with  platinum  Ufith  energy. 

Two  equal  pieces  of  the  foil  of  these  metals  being  rolled  together 
and  heated  red  hot  at  the  edge  by  the  blow  pipe,  unite  so  rapidly  as 
to  evolve  much  light  and  heat,  and  to  scatter  the  melted  portions 
around  ;  tin,  zbc  or  antimony  rolled  in  the  platinum  foil,  and  heated 
b  the  same  manner,  gives  a  similar  result.^ 

5.  Iron  and  Copper  unite  readily  unth  platinum. 

Artificial  goldj  as  it  has  been  called,  is  formed  of  copper  7  parts, 
platinum  16,  and  1  of  zbc,  all  pure ;  being  mixed,  they  are  fused  b 
a  crucible,  under  charcoal  powder.  ||  This  alloy  resembles  gold  ve- 
ry closely  in  color,  ductility  and  specific  gravity. 

6.  Steel  unites  unth  platinum  in  all  proportions,^  and  especially 
in  the  proportion  of  from  1  to  3  per  cent  of  platbum,  forms  a  tough 
and  tenacious  alloy,**  well  adapted  for  cutting  instruments ;  vrith 
equal  weights  the  alloy  is  hard  and  brilliant,  has  the  sp.  gr.  9.862, 


•Phil.  Trans.  1808, p. 83. 

\  Which  effectually  prevents  its  being  uied  as  a  counterfeit  of  gold  in  coinage,  as 
was  formerly  feared  ;  it  would  be  detected  even  in  thousandth  parts  by  the  color  of 
the  button  produced  in  cupellation. 

^  To  prevent  the  entrance  of  air  between  the  mercury  and  the  glass  in  barometers, 
Mr.  DiUdiel  fixes  a  ring  of  platinum  at  the  lower  end  of  the  tube,  and  this  becoming 
to  a  degree  silvered  by  the  mercury,  causes  such  a  close  adhesion  that  nothing  can 


§  Ann.  Phil.  XIV.  230. 

H  Revue  Encyc.  XXVII.  900. 

IT  Faraday,  Phil.  Trans. 

**  Dilute  sulphuric  acid  dissolves  most  of  the  iron,  and  leaves  a  sediment  contain- 
ing the  platinum,  with  a  little  hydrogen,  carbon  and  iron ;  the  two  former  are  re- 
moved by  heating,  and  the  latter  by  muriatic  acid,  so  that  the  platinum  remains. 
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and  is  fit  for  mirrors :  wires  of  steel  and  platinum,  when  welded  and 
polished,  exhibit  a  beautiful,  surface,  especially  if  acted  on  by  dilute 
acid ;  for  many  purposes  of  science  and  art,  platinum  may  be  joined 
very  usefully  to  iron  or  steel.* 

7.  Arsbnic  unites  easily  with  platinum^  forming  a  fusible  alloy. 
The  aUoy  composed  of  20  parts  of  arsenic  and  2  of  platinum  is  gray- 
ish white,  britde  and  fusible  a  litde  above  a  red  heat.  Jeanneity,  a 
silver-smith  at  Paris,  for  a  long  time,  employed  arsenic  to  render  plati- 
num fusible,  and  by  expelling  it  by  heat,  he  gradually  made  the  metal 
malleable.f 

Vn.  PoLARiTT. — ^Ldke  the  other  metals,  pladnum  is  electro-posi- 
tive, and  is  attracted  to  the  negative  pole. 

MODES    OF    WORKING    PLATINUM, 

{so  as  to  obtain  it  in  malleable  masses.) 

This  subiect  has  very  much  occupied  the  attention  of  chemists,  and 
several  methods  have  been  devised,  of  which  only  a  cursory  notice  is 
necessary,  as  Dr.  WoUaston  has  given  perfection  to  the  process. 

1.  By  amalgamation. — ^The  amalgam  already  mentioned  is  ram- 
med into  a  wooden  tube,  which  is  heated  in  a  muffle  till  it  is  consumed 
and  most  of  the  mercury  volatilized,:  the  bar  of  platinum  that  is  left, 
will  bear  to  be  carefully  moved,  and  being  cautiously  heated,  until  the 
remaining  mercury  is  expelled,  it  is  forged  at  a  very  high  heat. 

2.  By  arsenic.\ — ^The  application  of  this  alloy  to  this  purpose  has 
been  already  mentioned.  The  arsenic  is  easily  volatilized,  especially 
with  the  aid  of  charcoal.  Repeated  fusion  of  the  native  platinum  grains 
with  an  equal  weight  of  oxide  of  arsenic,  and  pearlashes  about  }  part, 
gave  a  britde  mass  saturated  with  arsenic.  This  was  alternately 
heated  in  a  muffle  and  plunged  into  oil,  and  the  porous  mass,  after 
being  digested  in  nitrous  acid,  and  washed  with  water,  was  again  heat- 
ed in  a  crucible,  compacted  by  a  pesde,  and  at  last  forged  in  a  smith's 
fire,  and  worked  on  the  anvil.     This  method  is  no  longer  used. 

3.  By  heat  and  pressure,^ 

(a.)  The  orange  precipitate,  by  muriate  of  ammonia,  is  heated  to 
whiteness,  in  a  crucible  placed  in  an  air  furnace,  and  a  conical  stop- 
per is  let  down  upon  it,  and  pressure  applied  to  compact  the  pasty 
mass,  which  is  afterwards  forged  into  bars. 

(J.)  The  orange  precipitate,  nearly  decomposed  by  heat  into  spon- 
gy platinum,  is  placed  in  successive  portions,  in  an  iron  mould,  2^ 
inches  long  by  1 J  wide,  and  is  there  compacted  by  blows  struck  upon 


•  Prof.  Brande. 

t  He  made  in  this  manner  a  watch  chain  for  the  king  of  France. 

i  Ann.  do  Chim.  XV.  p.  29,  and  Aikin's  Diet. 

§  Tllloch's  Phil.  Mag.  Vol.  VI,  p.  3. 
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a  wooden  pesde,  fitted  to  the  mould,  and  the  pressure  is  finished  by 
an  iron  plug,  driven  by  a  screw  press,  till  the  air  is  all  expelled. 
The  mass  thus  formed  is  heated  white  hot,  and  carefully  forged,  and 
then  cleaned  with  borax,  and  afterwards  with  dilute  muriatic  acid.* 

(c.)  Dr.  fVollaston^s  process. — ^The  nilro^muriadc  solution  is  ob- 
tamed  by  digesting  the  ore  of  platinum,  with  the  acid  for  three  or 
four  days,  with  a  heat  gradually  raised ;  at  least  20  per  cent,  of  the 
metal  in  excess  being  used  beyond  the  acids,  which  are,  the  muriatic 
about  3  parts,  diluted  with  an  equal  volume  of  water,  and  nngle 
aqua  fortis,f  sp.  gr.  1.19,  to  1.20,  about  1  part,  which  will  dissolve 
100  m.  of  crude  platinum. 

After  subsidence  of  some  iridium,  the  clear  solution  is  precipi- 
tated by  41  parts  of  sal  ammoniac,  dissolved  in  5  of  water ;  the  pre- 
cipitate 165  parts,  yields  66  of  pure  platinum.]; 

The  yellow  precipitate  is  thoroughly  washed  and  pressed,  and  then 
very  cautiously  heated  in  a  plumbago  crucible,  with  no  more  heat 
than  will  just  expel  the  volatile  matters,  without  producing  much  co- 
hesion in  the  metallic  particles. 

The  remaining  operations,  (omitting  details,  for  which  see  Dr. 
Wollaston's  paper,)^  consist  in  rubbing  the  grey  powder  between  the 
bands,  so  that  it  will  pass  through  a  lawn  sieve ;  the  coarser  parts 
are  ground  by  a  pestle  and  bowl  of  wood,||  and  all  is  diffused  in  water, 
and  allowed  to  subside  as  a  metallic  mud  of  platinum.  That  there 
may  be  no  cavities,  this  is  placed  in  a  brass  barrel,  having  a  steel  stop- 
per, and  subjected  to  strong  pressure,  by  a  machine ;  die  compact- 
ed mass  bemg  removed  fitim  the  mould,  is  ignited  on  a  coal  fire,  to 
drive  off  volatile  matters,  and  is  then  placed  in  a  strong  wmd  furnace, 
on  an  earthen  stand,  strewed  with  siliceous  sand,  and  covered  by  a  pot 
that  does  not  touch  the  metal ;  it  now  receives  a  white  heat,  and  to 
avoid  breakmg  it,  is  foiled  with  mueh  manual  dexterity ;  the  ingots 
are  then  plac^  upon  a  platinum  tray,  under  an  inverted  pot,  and 
heated  in  a  wind  furnace  ;  they  are  cleaned  by  being  heated  with 
a  flux  composed  of  equal  measures  of  borax  and  pearl  ashes,ir  wluch 
is  itself  removed  by  dilute  sulphuric  acid. 


•  Aikln'«  Diet. 

t  The  proportions  are  indicated  by  die  marble  tbey  win  disiolTe.  ISO  grs.  for 
the  muriatic,  and  40  for  the  nitric  acid,  oorrespooding  very  nearly  to  1  nitric  and  3 
muriatic  acid. 

X  About  11  percent  of  platinum  being  still  contained  in  the  solution,  is  precipitated 
with  the  other  metals,  by  clean  iron  bars,  and  again  digested  in  mtro-rauriatk  add ; 
before  the  addition  of  the  muriate  of  ammonia,  1  measure  of  muriatic  acid  is  added 
to  32  of  the  solution,  to  prevent  the  precipitation  of  lead  or  palladium. 

§  Phil.  Trans.  1829,  and  Phil.  Mag.  and  Ann.  Vol.  VI.  p.  1. 

II  Not  of  metal,  which  would  polish  them  and  prevent  their  uniting  by  forging. 

II  An  excellent  flux  to  clean  platinum  vessels  \  in  the  analysis  of  minerals,  two 
parts  of  crystalline  carbonate  of  soda  may  be  substituted  for  the  t^earl  ashes ;  thh 
acts  powerfully  upon  zircon  and  other  minerals  that  yield  reluctanUy  to  other  fluxes ; 
nitre  may  be  added  if  oxidation  is  desired. 
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The  ingot  may  now  be  flattened  into  leaf|  wire-drawn,  or  wrought 
in  anv  other  way. 

VUI.  Natural  history. 

(a.)  Usually  seen  in  irregular  flattened  meiaUic  grains  or  span- 
gles, which  are  far  from  being  pure ;  they  are  mixed  or  combined 
with  several  metab,  as  sulphurets  of  copper,  iron  and  lead,  titaniferous 
iron,  chromate  of  iron,  gold,  silver  and  mercury  ;  the  metals  palla- 
dium, iridium,  rhodium ;  an  aUoy  of  palladium  rhodium  and  iran ; 
an  alky  of  iridium  and  osmium,  also  in  grains  ;*  sp«  gr.  of  the  ore, 
between  15.60  and  18.94. 

(&.)  The  pieces  commonly  weigh  but  a  few  grains,  and  rarely  eay 
ceed  a  Une  in  diameter;  but  a  specimen  presented  by  Humboldt  to  the 
king  of  Prussia,  was  of  the  size  of  a  pigeon's  egg,  and  weighed  1088.8 
grs. ;  another  at  Madrid,  two  inches  four  lines  in  diameter,  weighs  I 
tt>.  9  oz.  1  dr.  or  11.640  grs. ;  a  piece  from  the  Uralian  mountains, 
now  at  Petersburg,  weighs  9^  lbs.  avoir.,  almost  seven  times  as  much 
as  the  largest  before  known ;  it  contains  an  alloy  of  iridium  and  osmium, 
(c.)  Platinum  has  usually  been  found  in  sandy  deposits,  along 
witit  gold,  and  most  of  it  formerly  came  from  Choco,  in  New  Gren- 
ada ;  it  has  been  found  also  at  Matto-Grosso,  in  Brasil,f  and  m  St. 
Domingo,  in  the  bed  of  the  river  Yaki,  at  the  foot  of  the  mountains 
of  Sibao. 

Vauquelin  found  it,  in  the  proportion  of  one  tentli,  in  the  gray  sil- 
ver ores  from  Guadalcanal,  in  Spain. 

In  Siberia,  it  is  found  in  the  auriferous  sands  of  Kuschwa,  in  the 
Uralian  mountains,  25  wersts  from  Catherinburgh  ;  the  richest  beds 
of  pladniferous  sand  are  at  Talul,  2i  to  5  feet  &ck,  and  yield  from 
1  to  3  lbs.  of  metal  for  about  3700  lbs.  of  sand  ;  they  are  also  rich 
in  gold ;  1460  lbs.  of  gold  were  obtained  from  225,000  of  sand,  and 
masses  of  2  to  3,  .and  even  18  to  20  lbs.  were  found. 

In  the  middle  and  northern  parts  of  the  Uralian  mountains,  the 
platinum  is  abundant  only  on  the  western  or  European  slope,  while 
the  rich  gold  washings  are  on  the  Asiatic  side. 

The  metals  found  in  the  South  American  ore  of  platinum  are  found 
also  in  that  of  Siberia ;  native  palladium,  an  alloy  of  iridium  and  os- 
mium. Sec. 

Bouissingault^  has  recently  discovered  platinum  in  a  native  vein, 
which  is  in  a  syenite,  along  with  oxide  of  iron  and  gold  ; .  the  grains 
have  the  same  appearance  as  when  it  is  found  loose  in  the  sands ;  it 


^  Mixed  with  the  platinum  ore,  are  found  sand,  rubies,  &c. 

t  The  Peruviin  ore  of  platinum  never  contain^  %o[6,  but  the  Brazilian  has  a  little 
adhering  to  it,  and  the  gold  contain.^  one  fifth  of  silver. — Phil.  Trans.  1809. 

t  Ann.  dc  Chim.  et  de  Phy.s.  Vol.  XX  XII,  p.  211.  See  also  Phil.  Mag.  and  Ann. 
Vol.  I!!, p.  72,  282;  Vol.  IV,  p.  309,  458;  Voi.  VII,  p.  59. 

Vol.  11.  48 
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is  near  Santa  RosOj  in  the  Province  of^niioquiay  about  3500  feet 
above  the  sea  level. 

It  IS  said  that  the  Russians  are  coining  large  quantities  of  platinum 
into  money ;  it  would  be  excellent  for  coin. 

IX.  Miscellaneous  facts. 

(fl.)  Platinum  and  gold  have  many  analogies  ;  in  specific  gravity ; 
in  solubility  in  the  same  agents ;  in  their  reluctance  to  combme  with 
oxygen,  chlorine  and  sulphur,*  and  in  the  formation  of  triple  com- 
pounds with  acid,  alkaline  and  earthy  substances ;  the  oxides  of  both 
yield  fulminating  compounds  with  ammonia,  and  in  this  respect  they 
resemble  silver.  Bouissingau)t  has  found  ib^Li  platinum  melts  in  a 
blast  furnace  if  placed  in  a  crucible  brasquS^  viz.  lined  with  charcoal 
and  clay,  but  he  supposes  that  the  metal  is  dien  alloyed  by  the  bases 
of  the  earths. 

(6.)  Platinum  is  a  metal  of  great  utHittfy  and  it  is  to  be  hoped 
from  the  increasing  quantity  discovered,  that  it  may  soon  come  into 
extensive  use  in  the  arts. 

It  is  even  now  used  to  form  boilers  to  concentrate  sulphuric  add, 
Mr.  Parkes  had  one  constructed  which  cost  300  guineas. 

Its  use  in  chemistry  is  inveduable^  for  crucibles,  foil,  wire,  tubes, 
capsules,  retorts,  for  blowpipe  jets,  forceps  and  spoons,  in  the  form  <^ 
sponge  for  ignidng  hydrogen,  be. 

It  is  used  for  the  touch  holes  and  pans  of  fire  arms,  and  for  the 
bottoms  of  evaporating  basins,f  &c. 

Being  so  nearly  infusible,  and  being  unafiected  by  most  acids  and 
other  chemical  agents,  it  is  applicable  to  a  muldtude  of  purposes,  but 
it  is  attacked  by  caustic  alkalies,  and  by  the  nitrates,  especially  of  po- 
tassa  and  soda,  as  well  as  by  metallic  and  other  substances  contaio- 
ingphosphorus. 

The  beautiful  covering  of  pottery  by  platinum,  has  been  already 
mendoned.| 

Sec  XXXVII. — ^Palladium. 

I.  HisTORT^  AND  Name. — Discovcrcd  by  Dr.  WoUaston^in  1803, 
but  the  account  of  his  researches  was  not  given  till  July  4,  1 805,  when 
it  was  read  before  the  Royal  Society. ||  it  has  since  been  examined, 
together  with  the  associated  metals,  by  Vauquelin,  Berzelius,  and 
other  eminent  chemists. 

It  was  named  after  the  planet  Pallasj  discovered  by  Dr.  Olbers. 

•  E.  Davy,  Phil.  Tridb.  1817. 

f  1  have  an  evaporating  basio  of  pure  platinum,  which  I  find  very  useful ;  it  is  8 
inches  broad  at  the  top,  and  1  inch  deep.  t  Vol.  1,  p.  290. 

§  Dr.  Wollaston  exposed  portions  of  this  metal  for  sale,  before  any  account  was 
pven  of  its  origin ;  hence  it  was  suspected  to  be  an  alloy,  and  M.  Cheneviz  wrote 
two  elaborate  memoirs  to  prove  that  it  was  composed  of  platinum  and  mercury. 
Phil.  Trans.  18(M-5.  Various  other  suggestions  were  made  from  diflerent  quarters, 
but  no  one  now  doubts  that  palladium  is  a  distinct  metal.  )|  Transtctions,  1805. 
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II.  Paockss.^ 

{a.)  To  the  neutrd'f  nitriMnnriaiic  solution  of  crude  platinum^X 
(wbetner  that  metal  has  been  separated  or  not  by  muriate  of  ammo- 
niay)  addprusiiate  (bi-cyanuret)  of  mercury;  in  a  few  seconds  or 
minutes  there  wUl  be  a  pale  yellowish  precipitate  of  pure  prutsiate 
of  palladium. 

(b.)  This  being  ignited^  the  volatile  ingredients  are  expelled  and 
pure  palladium  remains. 

IIL  Proi^erties. 

(a.)  Malleable  and  duetUe;  color  whitCj  with  a  shade  of  gray; 
can  scarcely  be  distinguished  by  the  eye  from  platinum ;  harder  thtm 
forged  iron;  from  the  file,  acquires  the  brilliancy  of  platinum. 

(*•)  Sp.gr.  10.97  to  11.48— y  the  fused  button  11.87;  its  true 
gravi^  probably  falls  little  short  of  12. 

(c.)  Infusible  by  the  common  bhwpipe^  or  in  ani>pen  vessel  when 
heated  above  the  pomt  of  melted  gold,  but  with  fim  intense  heat  it 
melts  and  the  button  is  grayish  white. 

{d.)  Among  metals,  an  imperfect  conductor  of  heat;  conducts 
about  as  well  as  platinum;  if  the  power  of  the  latter  is  called  1, 
that  of  copper  will  be  2^,  and  that  of  silver  3^  ;^  rather  more  eay 
pansible  t^  heat  than  platinum. 

(e.)  MdtSj  scintillates  and  appears  to  bum^  under  the  compound 
bloumpe. 

(/.)  It  cannot  be  doubted  that  its  wire  or  leaf  would  be  dissipated 
with  the  usual  phenomena,  by  the  electric  or  galvanic  discharge,  but 
I  do  not  know  that  it  has  been  attempted. 


*  Vavquelm's  method  ttf  obtaining  palladium. — Place  in  the  nitro-muriitic  aolu* 
tioD,  (conUining  an  excess  of  acid,)  slips  of  brieht  iron ;  all  the  metals  are  precipit- 
ated, except  iron  Itself;  nitric  and  muriatic  acids,  successively  applied,  dissolve  the 
iron,  copper  and  lead ;  the  residue  Is  heated  in  a  crucible,  to  remove  the  muriates  of 
mercury,  copper  and  osmium,  and  then  it  is  treated  by  nitro-muriatic  acid,  which 
dissolves  all  the  metals  except  iridium ;  the  solution  contains  the  muriates  of  plati- 
num, palladium,  rhodium,  iron  and  copper ;  it  is  decomposed  by  muriate  of  ammo- 
nia, filtered  and  evaporated  to  dryness,  to  separate  the  muriate  of  ammonia  and  pla- 
tinum ;  the  residue  is  dissolved  in  water,  acidulated  by  muriatic  acid,  and  decompo- 
sed by  ammonia,  not  quite  sufficient  to  saturate  the  acid ;  a  sub-muriate  or  chloride 
of  ammonia  and  palladium  precipitates  immediately,  in  delicate  silky  needles  of  a 
itMe  color,  which  are  washed  with  water,  acidulated  by  muriatic  add ;  it  is  decom- 
posed by  heat,  and  aflbrds  pure  palladium.  This  complicated  process  has  been  su- 
perseded by  that  of  Dr.  Wollaston,  described  in  the  text. 

t  It  may  be  rendered  neutral,  either  by  the  evaporation  of  the  redundant  acid  or 
by  an  alkali  or  alkaline  earth,  or  by  mercury,  copper  or  iron. — Wollaston's  memoir, 
PhU.  Trans.  1805. 

t  Which  is  very  complicated  and  contains,  besides  platinum  and  palladium,  cop- 
per, lead,  rhodium,  mercury,  iridium,  osmium,  iron,  &c.— TT^iurrct. 

{  Estimated  by  the  wax  melted  upon  them  when  heated.— Wollaston,  Phil.  Trans. 
1805,  p.  829. 
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IV.  Relation  to  oxygen  and  acids. 

(a.)  Not  oxidized^  in  any  length  of  time,  when  heated  or  even 
melted  in  the  open  air;  ignited  in  a  state  of  minute  division  and  ex- 
posed to  a  stream  of  oxygen  gas,  it  becomes  blue,  but  acquires  no 
appreciable  weight ;  still  the  color  is  removed  by  hydrc^en,  which 
fact  favors  the  idea  that  it  is  an  oxide.* 

(6.)  Oxidized  and  dissolved  by  nitric  acid^  with  rather  more  diffi- 
culty than  silver  j  more  easily  by  nitrous  acid,  and  no  nitric  oxide 
gas  is  evolved ;  the  solution  is  of  a  beaudful  red. 

(c.)  Muriatic  acidj  at  a  boiling  heaty  acts  on  palladium^  so  far  as 
to  acquire  a  fine  red  color ;  the  same  is  true  of  the  sulphuric  which 
dissolves  a  litde  of  the  metai. 

(d.)  The  pr^jttr  solvent  is  nitr(Mnuriaiic  acidj  by  means  of  which 
it  forms  much  proto-chloridc,  a  litde  per-chloride  and  nitrate  of  pro- 
toxide. 

(e.)  Muriate  of  potassa  or  common  salt  farms^  with  ike  solution^ 
an  cJJcaline  cUortde  of  palladium^  with  one  equivalent  of  chlorine ; 
it  is  soluble  in  water  and  in  alcohol. — IL  and  Berzelius, 

(/.)  The  nitrate  and  other  salts  are  decomposed  by  potassa^  and 
other  alkaline  agents  and  an  orange  colored  hydrate  appears,  which 
becomes  black  by  drying,  and  is  decomposed  by  a  red  heat. 

{g.)  Oxides. — According  to  Berzelius,  there  are  two — the  pro- 
toxide, composed  of  metal  86.94,  +  oxygen  13.06,  and  peroxide, 
metol,  76.92,  +  oxygen,  23.08. 

Its  equivalent  is  56,  and  that  of  the  protoxide  64. — ^The  protoxide 
dissolves  slowly  in  acids,  even  when  wet. 

V.  Combustibles. — Sulphur  combines  readily  with  this  metal^ 
which  instantly  melts  when  the  siflphur  is  thrown  upon  it  at  a  high  heat ; 
upon  this  fact  is  founded  Dr.  Wollasion^s  method  of  obtaining  palla- 
dium in  a  malleable  state.  The  prussiate  is  to  be  decomposed  by 
heat,  and  the  residuum  combined  with  sulphur,  and  the  fused  sulphu* 
ret  must  be  purified  with  borax  and  a  little  nitre ;  it  is  roasted  on  a 
flat  brick  at  a  low  red  heat,  and  when  pasty,  pressed  into  a  flat  cake ; 
it  is  again  patiently  roasted  till  it  is  spongy,  and  the  cooled  ingot  is 
gendy  tapped  to  condense  the  spongy  surface }  this  is  repeated  with 

Sreat  caution  till  the  cake  will  sustain  harder  blows,  and  will  bear  the 
atting  mill  by  which  it  is  laminated. f 
3^  svlphuret  is  white  and  brittle^  and  contains  22  per  cent,  of 
sulphur. 


•  Berzelius,  Ann.  de  Chim.  etde  Phys.  Vol.  XL,  p.  80. 

i  Dr.  Wollaaton,  Phil.  Trans.  1829,  and  Phil.  Mag.  and  Ann.  Vol.  VI,  p.  8.  The 
p^ladium  is  brittle  when  hot,  perhaps  from  sulphur;  when  Itised  without  the  sul- 
phm,  It  however  works  with  more  difficulty. 
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VI.  Miscellaneous  facts. 

(a.)  Palladium  is  oxidized  by  mdted  fotassa  and  niirCf  but  less 
perfectiy  than  the  other  metals  that  accompany  platmum. 

(&.)  It  unites  with  the  alkalies  ;  with  the  fixed^  by  fusion,  with  am- 
monia in  the  fluid  form,  and  the  solutions  of  the  alkalies,  to  a  degree, 
dissolve  the  oxide  or  hydrate. 

(c.)  Pfdladium  is  precipitated  from  its  solution,  by  all  the  metals 
except  gold,  silver  and  platinum. 

{d.)  Precipitated,  when  neutral,  by  recent  muriate  of  tin,  of  a  dark 
orange  or  brown — a  delicate  test. 

(e.)  Green  sulphate  of  iron  throws  it  down  in  the  metallic  state. 

(/.)  Ferro-pnissiate  of  potassa  produces  an  olive  colored  precip- 
itate. • 

(g.)  Hydro-sulphurets  and  solution  of  sulphuretted  hydrogen,  give 
a  dark  brown  precipitate. 

{h.)  A  detonating  substance  is  produced  by  precipitating  solution 
of  palladium  by  neutral  prussiate  of  mercury;*  at  600°  ft  explodes 
tike  gunpowder  but  the  light  is  visible  only  in  the  dark. — Woltaston. 

(t7)  Spongy  palladium  ignites  hydrogen,  like  platinum. 

VII.  Allots. — Palladium  readily  forms  aUoys  ;  like  platinum, 
even  in  minute  quantity,  it  whitens  gold  ;  the  alloy  is  harder,  but  less 
ductile  than  gold  ;f  with  silver,  it  forms  a  hard  and  gray  alloy.  Pal- 
ladium is  readily  alloyed  by  jdatinum. 

VIII.  Natural  history. — Usually  accompanies  the  ore  of  pla* 
iinum,  and  is  dissolved  in  the  nitro-muriatic  solution ;  it  is  found  with 
the  Russian  as  well  as  the  South  American  platinum. 

Among  the  grains  of  platinum  from  Brazil,  Dr.  Wdlaston  discoth- 
ered  grains  of  native  palladium  of  a  fibrous  structure.%  Mr.  Cloud, 
of  the  American  mint,  discovered  palladium  in  some  ingots  of  gold 
from  Brazil.<^  A  mass  of  native  palladium,  weighing  six  pounds^ 
from  Sergipe,  in  Brazil,  was  shown  at  the  Royal  Institution,  in  Feb. 
1826  ;  this  is  the  largest  mass  known. — h. 

Remark. — Palladium  is  evidently  a  very  interesting  metal,  and 
could  it  be  obtained  in  abundance,  it  would  prove  of  much  utility ; 
that  it  has  been  discovered  and  obtained  at  all,  is  a  sufficient  proof  of 
the  deUcacy  of  modern  chemical  researches. 


*  Pni!ttiate  of  mercury  does  not  precipitate  platinum,  which  diotinguishes  between 
it  and  palladium. 

t  A  metallic  surface  composed  of  an  alloy  of  these  two  metals,  for  the  graduation 
of  the  grand  circular  instrument  or  the  Royal  Observatory,  at  Greenwich,  was  made 
by  Dr.  Wollaston.    It  resembles  platinum,  and  is  very  hard. — h. 

t  Phil.  Trans.  1800.  §  I  have  a  piece  of  this  alloy ;  its  color  i."*  tray. 
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Sec.  XXXVin. — Rhodium. 


I.  Discovert  and  Name. — Discovered  by  Dr.  fVoUaetan;  his 
memoir*  contained  all  that  was  known  of  it  tiU  Vauquelin  and  Bar- 
zelius  examined  it,f  and  more  recently  Berzelius  has  given  an  elab- 
orate memoir^  upon  it  and  the  other  meuJs  associated  mlh  platmum.^ 
Its  name  b  from  pojov,  a  rose,  on  account  of  the  red  color  of  its  salts. 

II.  Pbocbss. 

(a.)  The  nitr<Hmur%atic  solution  of  crude  platinumJli  after  being 
precipitated  by  muriate  of  ammonia,  still  contains  some  of  the  am- 
moniacal  muriate  of  platinum,  and  several  other  metals.li 

(6.)  Bright  zinc  precipitatu  aU  the  metaU^  as  a  black  powder; 
among  them  are  copper  and  lead^  which  are  removed  by  washing 
the  precipitate  with  warm  dilute  nitric  add. 

(c.)  The  remnant  J  after  being  washed,  is  digested  in  weak  nitro* 
muriaiic  acid^  and  there  remains  an  undissolved  portioui  equal  to 
nearly  ylirth  part,  chiefly  an  alloy  of  iridium  and  osmium. 

{d.)  The  solution  contains  the  muriates  (or  chlorides)  of  platinum^ 
oailadium  and  rhodium^  and  they  are  converted  into  soda  nnuriaies^ 
oy  the  addition  of  about  j\ib  as  much  common  salt  as  there  was  of 
the  ore  originally,  and  then  the  solution  is  gendy  evaporated. 

(e.)  The  dry  mass  contains  the  soda  muriates  of  the  three  tnetals 
named  in  {d.);  those  of  platinum  and  palladium  are  removed  by 
aieoholf  and  that  of  rhodium  remains. 

(/.)  The  soda  muriate  of  rhodium  is  dissolved  in  a  little  hot  water; 
and  by  repose  of  twelve  hours,  it  crystallizes,  in  red  rbomboidal 
crystals ;  tne  crystals  are  redissolved  and  a  piece  of  bright  zinc  pre- 
crates  the  rhodium^  a  black  powder,  equal  to  about  tv^ v  or  j j^  of 
the  entire  quantity  of  the  ore. 

(g.)  From  the  solution  of  the  soda  muriate,  ammonia  precipitates 
a  lemon  yellow  ammoniacal  oxide  of  rhodium,  which  is  reduced  by 
heat  to  the  metallic  state.** 


•  Phil.  TreoB.  1804.  t  Ann.  de  Chim.  LXXX  VIII. 

t  The  numerous  details  which  it  contains  cannot  be  embraced  in  an  elementary 
work  like  the  present. 

§  Ann.  de  Chim.  et  de  Phys.  Vol.  XL ;  undertaken  by  desire  of  the  Rusaiaa  gor- 
enment 

n  As  this  frequently  contains  mercury,  which  has  been  employed  by  the  Span- 
ianls  to  extract  g;old,  Dr.  Wollaston  heated  the  crude  platinum  red  hot,  that  the 
quicksilver  might  be  yolatilized. 

If  The  color  of  the  solution  is  due  principally  to  iron,  but  is  aflected  alao  by  die 
strength  and  proportion  of  the  adds;  the  metals  usually  present  are  platiniira,  rho- 
dium, palladium,  copper  and  lead. 

*•  Beraelius,  Ann.  de  Chim.  et  de  Phys.  Vol.  XL,  p.  78. 
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m.  Pbopsrtiis. 

(a.)  The  black  powder  continued  black  when  heated  ;  with  borax 
it  assumed  a  metauic  aspect,  but  appeared  infusible ;  it  has  since  been 
melted  in  a  powerful  wind  furnace.* 

(i.)  iSj9.gr.  11;  brittle,  hard ;  no^  fnoZ/eoAZe  nor  ductile. 

(c.)  Like  platinum  yii5t&/e  by  arsenic  and  like  palladium  by  tulr 

Iihur  ;  both  are  expelled  by  heat,  but  the  metal  is  not  rendered  mal« 
cable,  as  these  two  are,  by  the  same  treatment. 

IV.  Relation  to  oxygen. 

(a.)  Although  it  is  infusible,  even  in  a  fire  maintained  by  oxy- 
gen gas,  it  can  scarcely  be  doubted  that  it  would  both  melt  and  bum 
under  the  compound  blowpipe,  but  I  am  not  aware  that  the  experi^ 
ment  has  been  tried. 

(&.)  Heated  in  the  air  it  becomes  a  black  oxide,  containing  100  parts 
metal,  and  1 7.9  oxygen  but  it  is  insoluble  in  acids ;  (Berzelius)  it  gives 
up  its  oxygen  agaid(  by  heat,  so  that  it  has  this  characteristic  of  a  no- 
ble metal ;  the  hydrate  contains  rhodium  75.9,  oxygen  17.5,  water  6.6 
— ^According  to  Dr.  Thomson  it  has  two  oxides ;  the  protoxide  con- 
taining 44  rhodium,  and  8  oxygen,  and  the  deutoxide  Tof  a  yellow 
color)  44  rhodium  16  oxygen ;  this  statement  admits  44  tor  the  equiv- 
alent of  rhodium.f 

(c.)  Insoluble  in  acids  even  in  the  nitro-muriatic  ;  if  alloyed  with 
lead,  bismuth  or  copper,  it  then  dissolves  in  nitro-muriatic  acid,  and 
the  muriate  (the  other  metals  being  separated,)  has  a  red  color  but 
does  not  crystallize,  nor  does  the  nitrate. 

{d.)  Rendered  soluble  in  nitro-muriatic  acid  by  previous  fusion 
with  bi'sulphate  of  potassa,  and  by  this  means  it  is  separated  from 
minute  portions  ol  iridium  and  osiftium. 

(e.)  By  trituration  with  dry  muriate  of  potassa  or  of  soda,  and  ex- 
posure for  some  hours  to  a  current  of  chlorine  gas,  rhodium  was 
turned  into  a  chloride ;  soluble  in  a  little  hot  water,  but  not  in  alco- 
hol bv  which  it  was  precipitated  and  washed. 

(/I)  Chlorine  gas  passed  over  rhodium  forms  two  chlorides,  one 
yellow  and  the  other  red. 

v.  Allots  are  easily  formed  with  rhodium,  and  it  united  with 
all  the  metals  that  Dr.  WoUaston  tried  except  mercury  :  with  gold 
and  silver,  the  alloys  were  malleable ;  4  parts  of  gold  and  1  of  rhodi- 
um did  not  perfecdy  melt;  6  of  gold  and  one  of  rhodium  did  not  melt 
at  all,  and  there  was  so  little  change  of  color  that  the  mass  might  have 
been  taken  for  pure  gold.     Steel  receives  a  great  increase  of  bard- 


*  Stodart  and  Faraday. 

f  ^8  the  results  of  Berzelius  and  Thomson  do  not  a^ree,  the  subject  must  be  left 
for  the  present  undetermined.  Berzelius  thinkfc  the  black,  oxide  is  a  mixture ;  he 
has  also  described  a  brown  oxide  whose  distinct  existence  is  uncertain. 
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ness  from  even  1  or  2  per  cent,  of  rbodiunii  and  cuill  it  does  not  crack 
in  forging  or  hammering.* 

VI.    MiaCELLANKOUS. 

(a.)  Not  precipitated  from  its  solution  by  prussiate  of  potassa,  or 
the  muriate  or  hydro-sulphuret  of  ammonia,  or  by  carbonate  of  po- 
tassa,  soda  or  ammonia. 

{bJ\  Pure  alkalies  precipitate  a  yellow  oxide  soluble  in  acids. 

(c.)  Salts  of  the  deutoxide  or  peroxide  are  prepared  l^  the  action 
of  acids,  on  the  precipitate  made  by  carbonate  of  soda,  from  the  so- 
lution of  the  soaa  chloride,  but  they  have  been  little  inyestigated. 

(d.)  Rhodium  is  precipitated  from  its  solution  by  silver,  copper, 
and  other  metals,  and  yellow  by  the  solution  of  platinum.  Rhodium 
appears  to  be  combined  with  the  platinum  in  the  ore. 

Kemark. — A  metal  so  little  known  and  which  the  student  will 
rarely  see,  cannot,  in  an  elementary  work,  occupy  an  extended  de- 
scription ;  for  many  details  omitted  here,  recoime  must  be  bad  to 
the  original  memoirs  of  WoUaston  and  Berzelius,  cited  above. 

Skc,  XXXtXw — ^Ibidium. 

I.  History  and  Name. — Discovered  in  1803,  by  Mr.  Tennant^^ 
in  the  black  residuum  from  the  solution  of  the  ore  of  platinum ;  it 
was  the  first  observed  of  those  metals  that  accompanv  platinum;  du- 
covered  also  in  France,  about  the  same  time,  by  M.  l)escotUs^%  but 
the  latter  did  not  observe  that  another  metal,  osmium,  is  combined 
with  the  iridium;  this  compound  has  since  been  observed  as  a  native 
alloy  among  the  grains  of  crude  platinum.^  The  name  Iridium,  in 
allusion  to  the  rainbow,  (tm,)  was  given  it  on  account  of  the  change- 
able color  of  its  muriate. 

II.  Process. 

(a.)  We  be^in  with  the  black  insolvhle  substanccy  already  men- 
tioned, consisting  chiefly  of  iridium  and  osmium. 

(6.)  These  metals  are  separated  by  the  altemaie  action  of  a  cans- 
lie  fixed  alkali  and  an  add, 

Ic.)  The  black  powder  is  ignited^  for  some  time,  in  a  silver  cru- 
cible, vfith  a  large  proportioa  of  caustic  soda  or  potassa^  water  then 
forms  with  it  a  deep  orange  or  brownish  yellow  solution ;  much  of 
the  powder  remains  undissolved,  and  muriatic  acid,  by  digestion  with 
the  residuum,  forms  a  dark  blue  solution,  becoming  dusky  olive  green, 
and  with  heat  deep  red ;  by  the  alternate  action  of  acid  and  alkali, 
the  whole  is  dissolved. || 

*  Eng.  Quart.  Jour.  IX,  32S.  f  Phil.  Trans  1804. 

t  Ann.  de  Chimie,  Vol*.  XLVIII,  XLIX,  L,  HI,  LXXXIX.  Deftcotib,  Vau- 
quelin,  Fourcroy,  &c.  §  Dr.  Wollaston. 

II  Some  .silica  is  dissiolvecl  at  each  operaciou,  and  is  probably  combined  vrith  (he 
ore, ^Tennant. 
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(d.)  T%e  alkaline  solution  is  eHefly  of  oMtitiim,  with  a  little  iridium, 
which,  by  standing  some  weeks,  it  deposits,  in  tbin  dark  flakes. 

(e.)  The  acid  solution  is  principally  iridium,  in  the  state  of  muri- 
ate, which  imparts  a  red  color  to  the  triple  compound  of  platinum 
and  muriate  of  ammonia ;  it  gives  a  dark  brown  precipitate,  with  a 
pure  alkali,  which  during  its  solution  in  muriatic  acid,  produces  the 
variety  of  colors  ahready  mradoned.  The  muriate  of  indium  has  so 
intense  a  color  that  1  part  sensibly  tinges  10,000  of  water. 

(/.)  To  obtain  the  muriate  of  iridium  as  pure  as  possible,  the 
semi-ciystallized  mass  procured  by  evaporation,  after  being  dried  on 
bbttmg  paper,  is  redissolved  in  water,  again  evaporated  and  distmct 
octahedral  crystals  obtained. 

{g.)  The  aqueous  solution  of  these  is  deep  orange  red;  muriate  of 
tin,  carbonate  of  soda,  sulphuretted  hvdrogen  and  pnissiate  of  po- 
tassa,  ^ve  no  precipitate,  but  instantly  destroyed  the  cobr;  pure 
ammonia  threw  down  the  oxide,  but  by  dissolving  a  litde  of  it,  be- 
came purple,  and  fixed  alkalies  had  the  same  effect,  only  the  color 
was  yellow ;  all  the  metals  that  were  tried,  gold  and  platinum  ex- 
cepted, destroyed  the  color  and  threw  down  a  dark  or  black  precip- 
itate of  iridium. 

(A.)  The  pure  metal  is  obtained  by  heating  the  octahedral  crystals 
of  the  muriate;*  the  volatile  principles  being  expelled. 

(«.)  Also,  by  adding  ammonia  to  the  munate,  but  not  enough  to 
saturate  the  excess  of  acid ;  the  muriate  or  chloride  of  ammonia, 
which  falls  in  a  black  powder,  is  calcined  and  affords  the  metal.f 
The  muriate  may  be  decomposed  by  zmc,  which  will  precipitate  the 
iridium. 

III.  Pboperties.I 

(d.)  Color  white;  brittle;  hard;^  of  very  difficult  fusion;  melt- 
ed by  a  stream  of  oxygen  gas  received  on  burning  charcoal ;  also  l^ 
Mr.  Children's  great  galvanic  battery,  which  gave  a  very  brilliant, 
white,  but  somewhat  porous  and  imperfectly  globular  mass,  weighing 
7.1  grs.;  sp.  gr.  ]8.68;||  it  is  therefore  nearly  as  heavy  as  gold,  but 
inferior  in  weight  to  platinum. 


*  The  mariate  of  iron  usually  present  may  be  preTiously  remoyed  by  alcohol. 

f  See  Th^nard,  6th  ed.  Vol.  Ill,  p.  496;  also  Ann.  de  Cfaim.  Vol.  LXXXIX ;  this 
process  is  adapted  to  the  accurate  analysis. 

t  The  black  powder,  heated  by  the  blowpipe,  affords  metallic  iridium,  but  not 
pure ;  still,  as  the  osmium  is  volatile,  it  is  probable  that  little  of  that  metal  would  re- 
main, and  the  compound  blowpipe  would  doubtless  cause  the  iridium  to  be  still  purer. 

§  The  rigidity  and  hardness  of  common  platinum  are  supposed  to  depend  upon 
iridium. 

II  Which  Mr.  Children  thinks  below  the  truth,  on  account  of  the  pores. — Phil. 
Trans.  1815,  p.  370. 

Vol.  II.  49 
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ib.)  JVot  acted  upon  by  aeidsy  and  scarcely  by  the  nkro-muriadc. 
c.)   fVhen  oxidized^  it  unites  readily  with  ocuif ;  its  nitrate  is  red, 
and  its  sulphate  as  well  as  muriate  is  green  or  bluCy  according  to  its 
state  of  dilution ;  the  precipitates  obtained  by  alkalies  are  generally 
triple  salts. 

{d,)  By  nitre  and  by  the  fixed  alkaHes  it  i$  oxidized  by  the  aid 
of  heaty  and  an  alkaline  solution  of  a  rich  blue  is  obtained  by  the 
aid  of  water. 

(e.)  When  oxidized^  it  unites  mth  the  earths^  particularly  with 
alumina. 

(/.)  Oxides. — ^From  the  changes  of  color  in  solutions  of  iridium 
the  oxides  have  been  inferred  to  be  numerous^  but  it  is  probable  that 
same  of  them  are  owing  to  mixtures. 

(g.)  From  the  native  grains  of  platinum,  a  strong  heat  applied 
in  an  earthen  retort  raises  a  blue  sublimate  of  oxide  of  iridium. — 
Murray. 

(A.)  Chlorides. — This  metal  is  said  to  combine  with  chlorine  in 
four  proportions^  producing  ^s  many  chlorides,  and  these  combine 
with  as  many  proportions  of  alkaline  chlorides,  forming  the  same 
number  of  double  chlorides. 

(t.)  It  is  supposed  that  there  are  as  many  oxides  as  cUorxdes^  each 
oxide  forming  different  salts,  and  the  sulphurets,  made  by  passing 
sulphuretted  hydrogen  gas  through  the  solutions  of  the  chlorides 
(muriates)  form  sulphurets  in  the  same  proportions,  the  sulphur  com- 
bining with  the  metal,  and  the  chlorine  with  the  hydrogen. — Berzelius. 

IV.  Allots. — Iridium  is  easily  alloyed  vnth  several  metals. 

1.  The  alloy  with  lead  is  decomposed  by  cupellation,  leaving  the 
iridium  upon  the  cupel. 

2.  The  alloy  with  copper  is  malleable ;  when  cupelled  it  leaves 
less  iridium  than  in  the  former  case. 

3.  With  gold  and  silver  it  forms  malleable  alloys,  or  mixtures,  not 
decomposed  by  cupellation,  nor,  in  the  case  of  gold,  by  quartation ; 
when  the  silver  and  gold  are  dissolved  by  acids>  the  iridium  is  left. 

V.  Miscellaneous. — ^The  late  elaborate  memoir  of  Berzelius* 
has  brought  to  light  many  new  facts  respecting  iridium  and  the  other 
metals  that  accompany  platinum.  A  few  of  the  most  prominent  I 
have  cited,  but  the  remainder,  although  important  to  a  full  history  of 
the  metal,  involve  too  many  details  to  be  inserted  in  this  work.  To 
the  general  student  they  would  not  be  interesting,  and  the  analyst 
and  professional  chemist  will  resort  to  the  original  memoir.  I  will 
quote,  in  confirmation  of  the  propriety  of  the  name  iridium,  the  follow- 


'  Ado.  de  Chim.  ct  de  Phys.  Vol.  XL. 
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ing  remark  of  Berzelius :  '^  Solutions  of  iridium  may,  without  the 
aid  of  foreign  matter,  be  obtained  with  all  the  colors  of  the  rain- 
bow." 

Sec.  XL. — Osmium. 

I.  HisTonT  AND  NAME. — Discovcred  by  Mr.  Temtont  in  IS02;* 
examined  by  Fourcroy  and  Vauquelin  ;f  by  WoUaston,  J  and  by  Ber- 
zelius.^ Its  name  J  (from  od'f^i},  odor,)  alludes  to  the  strong  and  pecu- 
liar tmdl  emitted  by  its  oxide  ;  it  resembles  that  of  chlorine  or  iodine. 
Osmium  is /bun  J  only  among  the  grains  ojT  crude  platinum^  always 
combined  either  toith  the  oiher  metals  or  udthiridium  in  apecuUar  alloy. 

II.  Pbocesses. 

(a.).  The  alkaline  sohiaion\\  mentioned  under  iridium,  (p.  385.)  q/^ 
fords  oxide  cf  osmium  by  simply  heaiing  ii  with  any  aad;  e.  g*  the 
sulphuric  or  nitric. 

(&.)  JVt^re  1  parij  with  S  of  the  ore  of  iridium,  being  ignited  in 
an  open  fire,  tUt  the  materials  are  pasty  and  emit  fumes  of  osmium ; 
all  that  is  soluble  in  water  (in  the  least  quantity  that  is  sufficient,)  is  de- 
composed by  sulphuric  add,  equivalent  at  least  to  the  alkali,  and  mixed 
with  an  equal  weight  of  water ;  the  fluid  is  rapidly  distilled  into  a 
dean  recdver,  as  long  as  osmic  fumes  come  over,  and  the  oxide,  at 
first,  incrusting  the  recdver  and  then  running  to  die  bottom, /on7»  a 
globule,  which  on  growing  cold,  crystallizes,  and  the  water  is  also  a 
strong  solution  of  it.  IT 

(e.)  Berzelius  treats  the  alkaline  mass  with  muriatic  add,  to  form 
a  dodble  muriate  or  chloride,  and  adds  also  a  good  deal  of  the  nitric, 
which  decomposes  the  muriates,  (chlorides,)  and  by  distilling  7  or  ^ 
the  osmium  is  obtained  below  a  boiling  heat  ;**  the  fluid  may  then  be 
acidulated  with  muriatic  acid  and  decomposed  by  pure  zinc,  which 
precipitates  the  osmiumff  in  the  form  of  a  black  powder. 

{dA  Hie  solution  of  oxide  of  osmium,  shaken  in  a  vial  tdth  mer- 
cury, oecomes  inodorous  by  forming  an  amalgam }  the  excess  of  mer- 
cury is  removed  by  straining  dirough  leather ;  that  which  is  in  the 
amalgam  bdng  removed  by  distillation,  the  osmium  remains,  and  after 
being  washed,  it  is  heated  in  close  vessels,  to  give  it  the  metallic 
luslre.JJ — Tennant. 


*  Phil.  Trans.  1804.  t  Ann.  de  Chim.  Vols.  48,  49,  60, 89. 

t  Phil.  Trans.  1806,  and  1829.  §  Ann.  de  Ch.  et  de  Ph.  Vol.  XL. 

II  Made  with  potassa  or  soda  or  nitre ;  it  emits  the  peculiar  odor  in  a  degree  when 
water  is  added  even  without  acid.  IT  Dr.  Wollaston.    Phil.  Trans.  1829. 

**  If  pushed  till  the  acid  is  concentrated,  some  muriate  of  iridium  comes  over. 

ft  Berxelius  prefers  to  precipitate  hy  mercury. 

it  During  the  solution  of  the  crude  platinum,  some  osmium  is  volatilized  in  the 
acid,  which  beinff  condensed  in  a  receiver,  may  be  saturated  with  lime  and  the 
oxide  of  osmium  obtained  by  distillation. 
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II.  Pbopcrties. 

fa.)  Receives  a  polish  under  the  bumiihefy  but  it  is  commonly  seen 
in  black  powder  or  in  a  porous  mass. 

(b.)  Sp.gr.  10,  for  the  maximum,  and  7. for  the  minimum. 

(c.)  Berzelius  obtained  it  in  the  compact  state,  by  passing  its  oxide^ 
mixed  with  hydrogen  gas^  through  a  glass  tube^  hieaied  red  hot^  in  a 
space  of  about  one  inch;  the  osmium  is  precipitated  and  forms  a  ring, 
having  a  metallic  lustre  equal  to  that  of  Uie  alloy  with  iridium. 

{d^  Infusible  at  a  white  heat^  although  buried  in  a  cavity  in  burn- 
ing charcoal ;  fixed  and  unaltered,  if  air  is  excluded. 

(e.) .  Heated  with  access  of  air  it  easily  sublimes  in  a  white  crys- 
talline or  odorant  oxide,  which  is  soluble  in  water ;  the  volatilized 
oxide  of  osmium  is  very  penetrating,  and  after  breathing  itsfiimes 
for  some  hours,  the  sense  of  smell  is  lost  for  several  days.  The 
solution  of  the  oxide  is  limpid  and  has  a  sweetish  taste,  but  does  not 
redden  the  blue  vegetable  colors ;  if  the  solution  is  concentrated,  it 
stains  the  skin,  indelibly,  of  a  dark  color. 

{f.)  The  solid  oxide  is  fusible  as  wax  and  has  a  caustic  taste ;  it 
is  decomposed  by  most  metals,  which  destroy  the  smell  and  precipit- 
ate the  metal. 

ig.)  The  metal  dissolves  slowly,  but  entirely,  in  nitric  add;  more 
rapidlv  in  the  fuming  acid,  aided  by  heat. 

(h.)  NUro-^muriatie  add  dissolves  it  with  great  facility.* 

^t.)  Its  oxide  has  less  affinity  for  adds  than  for  alkalies;  if  heat- 
ed m  a  silver  cup  with  caustic  akali,  it  unites  with  it  and  water  gives 
a  yellow  solution,  from  which  acids  expel  the  oxide  of  osmium  with 
its  peculiar  odor. 

(j.)  OxTOEir  unites  with  the  metal  at  an  elevated  temperature;  if 
compact  and  afterwards  minutely  divided  t^  bums  and  sustains  its  own 
ignition. 

[k.)  OxiDBs.— JSerre/tttf  states  that  there  are  three,  containing 
1, 2  and  4  equivalents  of  oxygen,  and  he  is  persuaded  that  there  are 
even  two  more,  composed  of  3  equivalents  of  oxygen  with  1  and  2 
of  the  netal.f 

{l.\  He  supposes  that  the  oxide  which  gives  the  peeuUar  smdl 
is  a  aeutoxide  ;  it  produces  cough,  prolonged  salivation  and  a  pungent 
pain  in  the  eyes. 

(m.)  He  prepares  this  oxide  pure,  by  igniting  the  osmium  in  a 
glass  oaU  and  pasdng  a  current  of  oxygen  gas  over  it,  when  it  bums, 
and  the  oxide  is  received  in  a  solution  of  potassa,  in  which  it  forms 
distinct  white  crystals.]; 

*  Like  carboOysUicium  and  various  other  bodies,  it  becomei  insoluble  after  calcin- 
ation at  a  bigh  degree  of  heat  Berz.         t  Ann.  de  Ch.  et  de  Ph.  V.  XL.  p.  270. 

t  Osmium  placed  on  platinum  foil  and  brought  into  the  flame  of  a  lamp  produces  a 
brilliant  light  like  that  of  olefiant  gas ;  the  osmium  becomes  an  oxide,  and  its  oxy- 
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(n.)  Thii  oxide^  at  a  temperaiure  Utik  elevatedf  bums  most  com- 
bustibles with  disengageoient  of  light ;  like  nitre,  it  mcreases  the  oom- 
bustion  of  burning  coals. 

(o.)  CaiiOBiNE— Chlorides.*— JVb  action  beitoeen  osmium  and 
chlorine  at  the  common  temperature,  but  if  the  osmium  is  heated,  there 
is  formed  abeautifidblue  chloride,  and  with  an  excess  of  chlorine  a 
red  sublimed  per-chloride. 

(p.)  The  Moride  deliquesces  and  crystallizes.  Osmium  probably 
forms  several  chlorides,  with  different  proportions  of  chlorine,  corres- 
ponding to  the  oxides  ahready  mentioned.  (Berzelius.)  The  chk>« 
rides  of  osmium  form  double  chlorides  with  potassium  and  sodium. 

(9.)  Sulphur — Sulphuret. — Sulphuretted  hydrogen  decompo^ 
ses  the  different  chlorides  or  muriates  of  osmium  and  forms  stdphu^ 
rets,  for  an  account  of  which  I  refer  to  Berzelius.  Sulphuret  of 
osmium,  burned  in  oxygen  gas,  produces  a  volatile  oxide  and  a  blue 
sublimate  of  sulphate  of  osmium. 

III.  Allots. — Osmium  forms  alloys  with  gold  and  silver;  they 
are  malleable  and  are  easily  dissolved  in  nitro-muriatic  acid ;  the 
oxide  of  osmium  rises  in  distillation.  Osmium  forms  an  excellent  al- 
loy with  steel,  and  the  addition  of  iridium  makes  it  still  more  valuar 
ble* 

rV.  Miscellaneous. 

(a.)  Infusion  of  nut  galls  is  a  delicate  test  of  osmium;  it  strikes 
a  purple  and  then  a  vivid  and  beautiful  blue, 

(&.)  Ammonia  produces  a  yellow,  and  carbonate  of  soda  the  same, 
in  a  slighter  degree;  but  lime  gives  a  bright  yellow. 

{c.\  Alcohol  decomposes  oxtde  of  osmium,  depositing  after  some 
time  olack  films. 

It  has  been  already  mentioned,  that  Dr.  WoOaston  discovered  among 
the  grains  of  native  platinum,  an  alloy  of  osmium  and  iridium ;  its  sp. 
gr.  is  19.5,  this  exceeds  that  of  native  platinum,  which  is  17.7 ;  the 
grains  are  about  as  large  as  those  of  native  platinum  but  harder ; 
they  are  not  malleable  and  have  a  laminated  structure,  and  a  pecufiar 
lustre.f 

General  composition  of  the  platiniferous  minerals. 

It  appears  from  the  researches  of  Berzelius,  that  there  is  no  dif- 
ference between  the  platiniferous  ores  of  Asia  and  America,  except 
slight  variations  m  the  proportions. 


gen  burning  the  hydrogen,  the  metal,  and  the  carbon  of  the  flame  reflect  the  light; 
chlorine  directed  into  an  alcohol  lamp  produces  a  similar  result  by  developing  car- 
bon.   Iridium,  containing  only  a  little  osmium,  increases  the  lustre  of  flame. 
*  Faraday,  Phil.  Trans.  1822.  i  Phil.  Trans. 
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The  platiniferous  sands  contain  small  scales  of  metallic  iron,  be- 
sides an  aUoy  of  platinum  and  iron  not  only  magnetic,  but  having 
polarity,  and  sometimes  these  grains  will  lift  minute  pieces  of  steel 
wire ;  they  have  a  different  composition  from  the  grains  that  are  not 
magnetic. 

The  principles  of  the  platiniferous  minerals,  arranged  in  the  cvder 
of  their  quantity,  are  platinum^  iron,  iridiumy  copper,  rhodium^  pal- 
ladium and  osmium.*  The  iridium  and  osmium  are  either  alloyed 
with  the  other  minerals,  or  in  a  distinct  alloy  with  each  other ;  in  the 
former  case  they  are  dissolved  with  the  platinum ;  in  the  latter  they 
remain  undissolved  in  small  white  brilliant  scales.  The  foUowing  ta- 
ble will  show  the  relative  proportions  of  these  principles  m  several 
cases. 


CM 

mMa,&.JL 

f 

Mag.  grs. 

Nonmag. 

\ 

Platinum, 

78.94 

73.58 

86.50 

84.30 

Iridium, 

4.97 

2.35 

1.46 

Rhodium, 

0.86 

1.15 

1.15 

3.46 

Palladium, 

0.28 

0.30 

1.10 

1.06 

Iron, 

11.04 

12.98 

8.32 

5.31 

Copper, 

0.70 

5.20 

0.74 

Alloy,  Osm. 

and  Irid. 

1.40 

in  grains. 

1.00 

Quartz,  0.60 

in  scales. 

0.96 

Lime, 

0.12 

Insoluble 

98.75 

V 

2.30 
97.86 

98.92 

98.08 

Nische  Tagilsk.     Goroblagodat. 

'Remark. — Perhaps  there  is  no  instance  in  which  the  delicacy  of 
modem  analysis  has  appeared  more  conspicuou^,  than  in  the  discov- 
ery of  the  metals  associated  with  pladnum.  They  are  obtained  by 
refined  and  troublesome  processes;  their  properties  are  very  curi- 
ous, and  some  of  these  metals  would  be  applied  to  use,  could  they 
be  obtained  in  sufficient  quantity. 


^  Mercury,  in  the  South  American  ore  is  derived  from  the  amalgamation  used 
for  obtaining  the  gold,  which,  as  well  as  chrome  and  titanium,  and  perhaps  copper 
appears  to  be  accidentally  present 
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ORGANIC   BODIES. 

Introductory  Remarks. 

We  have  now  finished  the  history  of  the  ponderable  elementary 
bodies.  Since  mineral  substances,  mcluding  the  waters  and  the  at- 
mosphere, either  mediately  or  immediately,  afibrd  support  to  both 
vegetable  and  animal  bodies,  it  is  obvious  diat  the  organic  kingdoms 
can  contain  no  element  which  is  not  found  in  the  mineral.  All  that 
we  can  therefore  expect,  is,  that  by  the  agency  of  the  vital  principle, 
as  well  as  of  the  laws  of  matter,  organized  bodies  should  produce 
compounds,  formed  from  certain  elements  of  the  mmeral  kingdom. 
In  fact,  only  a  few  of  these  elements  are  actually  employed.  In  veg- 
etables, oxygen,  carbon  and  hydrogen,  are  all  that  are,  in  most  cases, 
essential ;  nitrogen  (or  azote)  exists  in  a  few  plants,*  and  these  four 
elements  are  found  in  most  animal  bodies,  the  nitrogen  being  in  them 
the  most  characteristic  ingredient.  The  diversity  of  products  in  or- 
ganized bodies  is,  in  both  kingdoms,  produced  by  differences  in  the 
proportions,  and  in  the  mode  of  combination,  m  obedience  to  the  vi- 
tal principle,  which  often  modifies  or  controb  chemical  and  mechan- 
ical action. 

Besides  the  elements  above  named,  that  are  essential  to  organized 
bodies,  there  are  others  which  are  present  in  different  cases,  in  greater 
or  less  quantity;  such  are  phosphorus,  sulphur,  chlorine,  iodine,  bro- 
mine, potassium,  sodium,  calcium,  silicium,  magnesium,  iron,  man- 
ganese, &c.  but  generally  they  are  in  minute  quantities ;  these  ele- 
ments exist  in  organized  bodies,  in  various  combinations,  and  the 
metals  of  the  earths  and  alkalies  are  always  in  union  with  oxygen, 
and  most  commonly  with  an  acid. 

Both  animal  and  vegetable  bodies  are  decomposed  with  great  facili- 
ty, and  readily  pass  into  new  combinations  and  new  modes  of  existence. 

Distinction  between  tdtimate  elements  and  proximate  principles. 

The  ultimate  elements  have  been  already  mentioned ;  the  proxi- 
mate' principles  are  those  compounds  which,  by  natural  laws,  are 
formed  m  the  organic  bodies,  during  life,  and  are  obtamed  by  easy 
and  simple  processes  or  by  natural  occurrences,  which  permit  the 
compound  to  appear,  as  it  probably  existed  in  the  organized  body. 

Thus,  gum  and  turpentine  exude  from,  and  concrete  upon  their 
respective  trees  and  plants ;  volatile  oils  are  distilled  by  immersing  the 
plants  in  water,  and  they  rise  and  are  condensed  with  the  aqueous  vapor ; 
they  also  evaporate  spontaneously  into  the  air  ;  dense  oils  are  often 

•  Vol.  I,  p.  194. 
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obtained  by  pressure,  as  from  the  sun-flower  seed,  and  the  olive  and 
almond ;  animal  gelatine  is  dissolved  in  hot  water,  and  concretes  on 
cooling,  and  albumen  separates  spontaneously,  during  the  coagulation 
of  blood,  be. 

It  is  our  object  to  ascertain  the  number  and  distinctive  characters 
of  all  the  proximate  prmciples  which  exist  in  plants  and  animak,  as 
well  as  the  elements  which  the^  respectively  contain,  and  their  pro- 
portions  and  mode  of  comUnation. 

Organized  bodies  are  sufficiently  distinguished  by  the  following 
characters. 

1 .  Composed  of  the  same  elements,  united  in  different  proportioos. 

3.  Decomposed  with  facih^,  both  spontaneously  and  by  art. 

3.  In  genera],  cannot  be  formed  by  art. 

4.  Pecomposed  at  ignitioD  and  frequently  below  it.— IViier. 

L  Vegetable  Bodies. 

VUmaie  or  deitmeiive  analyn$. 
Formerly  this  was  effected  by  fire,  by  adds,  and  other  violeot 
agents,  and  although  the  complex  results  aflbrded  some  insight  into 
the  uldmate  constitution,  they  gave  no  information  as  to  the  mode  of 
combination,  either  proximate  or  elementary.  Thus,  wood  bums  in 
the  open  ahr  and  affords  water  and  carbonic  acid,  indicating  oxygen, 
carbon  and  hydrogen ;  and,  if  decomposed  by  ignition,  m  close  ves- 
sels, with  a  proper  place  of  efflux  for  gases,  it  affords  carbonic  acid 
and  carbonic  oxide,  carburetted  hydrogen,  and  empyreumatic  acid* 
and  oil;  and  charcoal  remains  m  the  vessel;  these  various  things 
contain  the  elements  before  enumerated  and  no  others ;  if  nitrogen 
had  been  present,  then  ammonia  or  prussic  acid  would  probably  have 
been  formed ;  adding  however  proof  of  the  existence  of  only  one 
element  more,  namely,  nitrogen. 

Accurate  elementary  analtfiis. 
This  is  the  result  of  modem  research ;  it  was  introduced  more  than 
twenty  years  ago  by  Gay-Lussac  and  Th^nard  ;f  no.  part  of  prac- 
tical chemistry  is  more  difficult  in  the  manipulations,  although  the 
principle  of  the  experiments  is  very  simple  and  intelligible.  To 
bum  or  oxigenize  the  vegetable,}  a  substance  is  selected  which  easi- 
ly affords  oxygen ;  chlorate  of  potassa  and  peroxide  of  copper  are 
commonly  employed,  and  the  latter  is  preferred  because  it  gives  up 
no  oxygen,  even  at  a  white  heat,  unless  by  transferring  it  to  the  com- 
bustible, while  the  chlorate  affords  it  easily,  alone,  at  a  low  red  heat. 

*  Acetic  acid  (pyroligncous)  is  a  constant  product  of  tho  distiUation  of  ve^tablet, 
(the  oily  bodies  alone  excepted.)  £nipyreumatic  volatile  oil  gives  a  peculiar  odor, 
as  when  paper  is  burned ;  tar  is  also  a  product,  especially  in  the  distillation  of  wood. 

f  Improved  and  extended  .oince,  by  Berzeliu.*,  Prout,  Ure»  and  others. 

t  This  mctliod  is  applied  also  to  animal  substances. 
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The  principle  of  these  researches  is,  that  by  the  nature  and  pro- 
portions of  the  products,  we  judge  of  the  nature  and  proportions  01  the 
elements ;  by  die  agency  of  oxygen,  the  carbon  will  be  converted 
into  carbonic  acid,  and  the  hydrogen  into  water,  and  the  nitrogen, 
if  present,  will  remain  as  a  gas.  In  every  twenty  two  grains  of  car- 
bonic acid,  there  are  six  grains  of  carbon,  and  in  every  nine  grains 
of  water,  there  is  one  grain  of  hydrogen ;  the  remainder  of  the  weight 
in  both  cases  being  oxygen;  and  if  the  substance  under  examination 
contained  nothing  besides  carbon  and  hydrogen,  their  united  weight 
will  be  found  in  the  product ;  if  the  latter  exceeds  this  weight,  and 
especially  if  the  substance  employed  to  impart  oxygen,  has  not  lost 
so  much  of  that  body  as  we  find  of  it  in  the  carbonic  acid  and  water, 
then,  if  there  is  no  other  product,  we  conclude  that  the  substance 
contained  oxygen  equal  to  the  difference  in  the  two  cases.  If  nitro- 
gen is  present,  that  will  generally  remain  after  the  carbonic  acid  is 
washed  out,  and  to  avoid  the  danger  of  converting  it  into  nitric  acid, 
protoxide  of  copper  is  sometimes  employed  instead  of  peroxide.* 

For  the  details  of  manipulation  and  apparatus,  re^ence  must  be 
had  to  the  original  researches  and  to  full  accounts  of  them  f  in  the 
larger  works. 

The  vegetable  substance,  dried  at  212°,  or  under  an  air  pump  re- 
ceiver, with  the  aid  of  sulphuric  acid,  is  made  into  a  ball  with  the 
chlorate  of  potassa,  or  with  the  peroxide  of  copper  which  is  now  pre- 
ferred, and  being  again  dried  as  before,  it  is  heated  by  a  spirit  lamp  or 
by  coals,];  either  in  a  copper  or  glass  tube^  stopped  at  one  end,  and 
communicating  with  a  mercurial  apparatus ;  thus  the  gases  are  ob- 
tained. We  may  estimate  the  hydrogen,  bv  calculation,  after  de- 
ducting the  weight  of  the  carbonic  aicid,  irom  the  entire  weight 
which  the  tube  has  lost ;  the  remainder  is  water,  provided  there  is  no 
other  product;  but  we  may  collect  the  water  by  causing  it  to  pass 
through  muriate  of  lime  and  the  increased  weight  will  be  due  to  it. 

Should  oxide  of  carbon  be  formed,  in  any  case,  it  must  be  conver- 
ted into  carbonic  acid  by  detonating  it  with  half  its  volume  of  hydro- 
gen and  as  much  oxygen. 

*  The  peroxide  contains  one  fifth  of  its  weight  of  oxygen ;  it  may  be  prepared  by 
decomposing  the  nitrate  by  heat,  and  ieniting  me  residuum:  Gay-Lussac  prefers  this 
process,  but  the  oxide  may  be  obtained  also  by  calcining  copper  filings  or  scales  with 
agitation,  or  by  decomposing  the  bin-acetate  by  heat  or  by  decomposmg  the  sulphate 
by  potassa  in  excess. 

f  Henry's  Chem.  11  th  Ed.  Vol.  II. ;  Gay-Lussac  and  Th^nard,  in  Recherches 
Physico-Chimiques,  Vol.  II. ;  Ann.  of  Phil.  IV,  270 ;  Faraday's  Chem.  Manip : 
p.  306;  Phil.  Trans.  1807;  Ann.  Phil.  N.S  and  Vol.  HI.  p.  308;  Ann.de  Ch.  ct 
do  Ph.  July,  1826,  Vol.  32;  Gay-Lussac's  Coursde  Chimie,  Vol.  II. 

t  Gay-Lussac  prefers  the  latter. 

§  Of  about  one  third  of  an  inch  in  diameter,  or  adapted  to  the  quantity  ;  green 
glass  is  preferred,  on  account  of  its  more  difficult  fusibility. 

Vol.  II.  60 
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Oeneral  rettdts  cf  v^ieAle  andynf. 
1  •  The  elements  appear  to  be  united  in  definite  proportions  snd  the 
proximate  vegetable  prmciples  are  componnds  of  chemical  equivalents 
eombined  in  definite  and  multiple  proportions,  in  the  same  manner 
as  in  mineral  bodies. 

2.  When  in  a  compound  containing  oxygen,*  carbon,  and  hydro- 
gen, there  is  more  oxygen  in  relation  to  the  hydrogen  than  is  neces- 
sary to  form  water,  the  substance  is  acid,  and  the  volume  of  the  ox- 
ygen used  in  the  analysis  will  be  increased.^ 

3.  When  there  is  less,  the  body  is  resinous,  oily,  or  aIcoh(£G, 
and  the  volume  of  the  oxygen  will  be  diminidied. 

4.  When  it  is  just  sufficient,  the  substance  is  neitfaer  acid  nor  resin- 
ous; as  starch,  gum,  sugar,  &c.  and  the  volume  of  the  oxygen  wiB 
not  be  altered. 

The  number  of  vegetable  proximate  principles  exceeds  forty,  and 
some  authors  form  their  arrangement  of  them  upon  the  fects  that 
have  just  been  stated. 

I  prefer  one/ounded  upon  the  natural  properties  or  origin  ;  the 
connexion  by  c(MnpositJoti  as  relates  to  oxygen  and  hydrogen,  b 
easily  exhibited  in  a  tabular  view  and  may  be  subjoined. 

VEGETABLE  PROXIMATE  PRINCIPLES. 

Sec.  I. — GumJ  and  Mucilage. 

I.  Physical  properties. 

(a.)  The  gum  Jlrabic  and  the  gum  Senegal  are  good  exampleM; 
the  solution  is  called  mucilage  and  the  solid  substance  gum. 

(&.)  Gum  ir  somewhat  bnitle;  semp-pellucid;  colorless  or  various- 
ly tinged;  Sp.gr.  1.31  to  1.48;  inodorous;  tastdess;  pulverizable; 
hght  often  desuroys  the  yellow  color ;  the  pieces  of  gum  Arabic  are 
amall,  those  of  Senegal  often  as  large  as  a  partridge's  egg. 

II.  Chemical  properties. 

j(a.)  Soluble  indefinitely  in  hot  and  cold  vfater ;  solution  viscid  and 
smoodi;  if  strong,  ropy  and  thick ;  the  gum  is  recovered  by  evapora- 
tion and  is  again  soluble;  it  is  hygrometric,  attracting  water  from  the 
air,  and  loses  weight  by  drying  at  212^. 

((.)  Solution  little  altered  by  keepings  but  eventually  sours,  acetic 
acid  being  formed. § 

(c.)  Does  not  suffer  the  vinous  fermentattonj  even  with  yeast  and 
warmth.  II 

^  AH  vegetables  do  not  contain  oxygen. 

1  Because  carbonic  acid  gas  win  be  added,  and  thus  the  oxygen  gas  will  be  ren- 
dered impure. 

t  The  Word  gnm,  in  the  language  of  commerce  and  the  arts,  includes  many  re- 
sins and  balsams. 

§  Probably  prevented,  by  blending  with  it  oil  of  lavender  and  corrosive  sublimate, 
in  small  quantities,  since  even  paste  of  flour,  with  those  additions,  will  keep  for 
years  as  I  have  observed,  (after  Dr.  Macculloch.) 

J  It  becomes  oflvnsive ;  when  united  with  sugar,  it  easily  ferments. 
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{d.)  Insolnble  in  dkoholj  and  precipitated  hy  it  from  its  aqueous 
solution  which  becomes  milky,*  and  thus  alcohol  %$  a  test  of  gum; 
insoluble  in  ether  and  in  oils,  fi;Ked  or  volatile. 

(e.)  Employed  to  produce  emuUiom^  viz.  opake  mixtures  of  oil 
with  water,  also  of  resins  and  balsams.f 

(/.)  Confines  with  several  metallic  oxides;  precipitated  bv  red 
sulphate  of  iron,  a  brown  semi-transparent  jelly;  sub-acetate  of  lead, 
(Goulard's  extract,)  gives  a  copious,  dense,  white  precipitate,  consist- 
mg  of  38.25  parts  oxide  of  lead  and  61.75  gum ;  the  acetate  has  no 
sensible  effect ;  the  per  salts  of  mercury  and  iron  are  the  most  effi- 
cient precipitants. — Thomson. 

(g*)  SohAle^  without  chaise,  in  pure  alkalies  and  in  alkaline 
earths^  and  precipitated  from  this  union  by  acids. 

(A.)  Very  dilute  solution  of  gum  is  precipitated  by  silicaied  pot-* 
cwA,  being  first  rendered  opake ;  it  tiius  forms  a  very  delicate  test ; 
the  efiect  is  supposed  to  arise  from  the  combination  of  silica  with  lime 
but  does  not  occur  except  in  the  solution  of  the  lighter  colored  spe- 
cimens.! 

{L)  Readily  combines  with  sugar^  and  the  compound  solution 
remams  transparent,  after  gentle  evaporation  ;  alcohol  separates  some 
of  the  sugar,  and  the  remaining  compound  resembles  the  substance 
of  which  wasp  nests  are  composed. 

(;.)  Dissolved  by  diluted^  and  decomposed  by  concentrated  adds; 
vegetable  acids  dissolve  it  without  alteration. 

(it.)  Strong  sulphuric  acid  chars  gum,  and  produces  water  and 
acetous  acid,  and  traces  of  tan. 

{I.)  Nitric  add  elidts  no  carbon^  but  forms  oxalic,  malic  and 
mucous  or  saccholactic  acid.]| 

(m.)  Muriatic  add  slowly  changes  gum  into  acetous  add. 

(».)  Chlorine  gas  passed  through  a  solution  of  gum  converts  it 
into  citric  acid. 

ni.  Composition.— 42.23  carbon,  50.84  oxygen,  6.93  hydro- 
gen, the  two  latter  in  the  proportions  to  form  water. — g.  l.  With 
these  proportions  those  of  Berzelius  very  nearly  agree.  Dr.  Ure 
found  carbon,  35.25,  oxygen,  58.90,  hydrogen,  5.85.  Gum,  thor- 
oughly dried,  lost  12.4  parts,§  and  contained  carbon,  41.4,  water, 
68.6,  or  oxygen,  52.09,  hydrogen,  5.51. 


*  More  water  renders  it  clear  again. 

t  A  strong  solution  of  gum  is  rubbed  witb  twice  its  weight  of  olive  oil,  and  the 
water  is  added  by  degrees,  with  constant  rubbing. 

X  Oxalic  acid  also  produces  a  precipitate,  on  account  of  the  lime,  which  however 
^k)e8  not  appear  to  be  an  element  of  gum,  but  rather  of  a  calcareous  salt  contained  in  it. 

n  Which  appears  to  be  characteristic  of  gum ;  no  substances  produce  saccholactic 
or  mucous  acid  with  nitric  acid,  except  gum  and  sugar  of  milk ;  2  parts  of  nitric 
acid  and  1  of  the  gum  should  be  used.— o.  !«•  §  Supposed  to  be  per  cant 
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Mo9C  chemists  regard  gum  as  a  ternary  compouod  of  carbon,  ox- 
ygen, and  hydrogen;  some  as  a  compound  of  carbon  and  water; 
tiie  former  opinion  seems  the  more  probable. 

Dr.  Thomson,  regarding  gummas  having  a  deBnite  constitution, 
auributes  to  it  6  equiv.  of  carbon,      36      40 

6      "  oxygen,     48       53.34 

6      '^  hydrogen,    6         6.66 

90     100. 
which  comes  very  near  the  result  of  Dr.  Prout. — H. 

IV.  Kinds  and  sources  or  gum. — ^Principal  varieties,  gum  ara- 
hie  and  Senegal^  gum  iragacanthy  gum  of  the  cherry,  peach,  and 
other  yrtft/  treesj  and  the  mucilage  y  theieaves^  rooU^  teeds^  4^.  of 
plants. 

(a.)  Gum  Arabic  in  Arabia,  and  Senegal  in  Africa  exude  from 
the  Juimosa  nilotica,  Cairo  and  Alexandria  are  the  prmcipal  marts; 
but  most  of  the  gum  used  in  Europe  since  the  beginning  of  the  six- 
teenth century,  has  come  from  the  Senegal  country. 

(i.)  Several  species  of  Mimosa  grow  along  the  mrbary  coasts  in 
sands ;  trees  eighteen  to  twenty  feet  high ;  gum  exudes  after  the  rains^in 
the  middle  of  November ;  hardens  in  a  fortnight  b  beautiful  roundish 
drops;  no  clefts  are  made  for  it  lo  flow  through;  1,200,000  lbs.  are 
sold  yearly  to  Europe  from  Senegal. 

The  JVloors  live  on  it  entirely  in  harvest  time;  6  oz.  support  a  man 
a  day;  it  is  mixed  with  milk,  animal  broths,  and  other  fluid  food.* 

(c.)  Cfum  tragaeanth,  from  the  Astragalus  tragacanthat  a  thorny 
shrub  growing  in  Candia  and  other  islands  of  the  Levant ;  exudes 
about  the  end  of  June,  from  the  stem  and  larger  branches ;  is  in 
white,  almost  opake  vermiform  pieces;  not  easily  dissolved  in  water; 
much  stronger  than  gum  Arabic,  mixed  with  paste  to  give  it  streng^i.f 

(d.)  Gum  or  mucilage  is  contained  also  in  very  many  plants; 
principally  in  the  seeds  and  roots,  but  also  in  the  stalk,  bark,  and 
leaves ;  often  in  combination  with  fecula,  sugar,  resin,  &c« . 

(e.)  Most  of  the  bulbous  roots  and  fleshy  leaves  contain  it;  flax 
seed,  quince  seed,  onion,  garlic,  bark  of  the  slippery  elm,  Hyaanthus 
non  scriptuSf  Althaa  officinalis,  (marsh  mallow,)  Malva  sylvestris, 
(common  mallow,)  many  fuci,  most  lichens,  and  generally,  the  smooth, 
slippery  seeds,|  be. 

•  Aikin,  Vol.  II.  p.  110. 

t  Swells  prodigiously  iDd  loftcns  in  cold  water,  without  being  much  ^i»oWed ; 
boiled  in  water  gives  great  viscidity,  and  it  evem  gelaUnizes ;  muriate  of  tin  gives  a 
firm  coagulum  with  it;  is  not  aflected  by  red  sulphate  of  iron  and  siKcated  potash, 
and  thus  dilfers  from  gum  Arabic;  it  looks  like  twisted  threads,  and  is  seldom  free 
from  visible  impurities ;  it  has  a  tough,  horny  consistence,  and  is  difficult  to  pulverize. 
It  contains  also  the  principle  (analogous  to  gum)  to  which  the  name  bassorin  has 
been  given. 

X  It  exists  in  the  leaves  of  the  comfrey  and  mullen,  and  in  the  whole  of  the  marsh 
mallow. 
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(/.)  The  vegetable  is  boUed  in  toaier  which  becomes  glutinous  if 
there  be  much  gum ;  after  subsidence  it  is  evaporated  to  a  syrupy 
consistence,  and  3  parts  of  alcohol  precipitate  the  gum. 

(g*.)  Mucilage  of  hyacinth^  (blue  bells  or  hare  bells  Hyaeinthus 
non  scriptus.)  1  pound  of  the  roots,,  when  dried,  produce  4  oz.  of 
the  powder ;  macerate  in  6  parts  of  water ;  after  pressure,  the  resi- 
due is  treated  in  the  same  way ;  after  subsidence,  it  is  evaporated  to 
dryness  in  the  open  air;  the  vernal  squill,  {Scilla  vema^)  and  white 
lily,  {LUium  candidum,)  afford  the  same,  and  all  these  can  be  substi^ 
ttUedfor  gum  Arabic^  and  so  may  the  gum  from  the  lichens,^ 

(A.)  Gum  exudes  from  natural  or  artificial  cracks  in  the  peach, 
plum,  cherry,  apricot,  and  other  fruit  trees;  it  is  generally  ot  a  fine 
amber  color  and  in  larger  masses,  softer  and  more  fusible  than  gum 
arabic  which  it  closely  resembles  in  chemical  properties.  Vegeta- 
ble jelly  appears  to  be  gum  combined  with  a  vegetable  acid.f 

V.  Uses. 

(a.)  Gum  tragacanthf  when  soft  and  pulpVy  m  consequence  of 
water's  standing  on  it,  is  easily  mixed  with  other  mucilages;  can  be 
spread  thin  over  any  surface ;  mixed  with  paste,  dries  into  a  firm  . 
cement,  and  b  much  used  in  book  binding. 

{b.)  Chim  arabic  solution  is  considerably  adhesive^  where  there 
is  not  dampness ;  it  is  clean,  convenient  and  easily  kept ;  thin  solu- 
tion lighdy  spread  over  silk  ribbons,  linen,  be.  with  a  brush  imparts 
a  fine  gloss ;  hence,  rain  spots  such  articles. 

(c.)  Principal  use  of  gum^is  to  furnish  a  thick  viscid  fluid  with 
which  the  mordants  and  colors  are  ficed  in  calico  printing;  it  pre- 
vents their  running  on  the  cloth. 

((/.)  Gum  is  a  nutritious  food,  and  exists  in  many  things  which 
we  eat.l 

(e.)  In  medicine  not  active;  used  for  its  lubricating  qualities; 
but  the  virtues  of  many  medicines  depend  on  a  gummy  matter,^ 
used  as  a  demulcent — mucilage  of  gum  arabic  is  the  basis  of  the  mix- 
tures usually  employed  to  allay  coughing  and  it  is  prescribed  in  other 
cases,  to  counteract  internal  irritation. 

(/.)  In  Pharmacy^  used  to  suspend  heavy  powders  in  water ;  to 
give  tenacity  to  substances  made  into  pills,  &c.|| 


*  Some  of  them  grow  abundantly  on  forest  and  fruit  trees,  and  in  the  north  of 
Europe  and  America  often  1  foot  or  more  long,  and  sustain  deer,  &c. ;  the  mucilage 
is  extracted  by  boiling,  &c.  See  Lord  Dundonald's  process,  Phil.  Mag.  Vol.  X.  p. 
298,  and  Murray,  Vol.  IV.  p.  122. 

\  Dr.  Bostock  save  the  name  eera$in  to  the  gum  tragacanth,  cherry  tree  gum,  &c. 

X  It  is  one  of  the  articles  which  a  traveller  in  sterile  regions,  or  on  the  ocean, 
might  take  with  him  advantageously,  because  it  contains  much  nutriment  in  a  small 
compass.  &  Murray. 

II  Mur.  Mat.  Med.  V.  1.  p.  884. 
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Sec.  n. — Rksuis. 

1.  PiiTsrcAL  Properties. 

(a.)  Generally  concrete ;  color  commonly  yeUaw  or  brovm^  and 
have  a  peculiar  lustre  called  the  resinous ;  brittle  when  solid ;  heav- 
ier than  water,  sp.  gr.  from  1.0180  to  1.2289. 

(S.)  ^on-conductors  of  electricity  ;  hy  friction  exhibit  the  ncga- 
tivt  or  retinoui  electricity;  odorous  and  sapid,  or  inodorous  and  in- 
sipid ;  fracture  smooch  and  conchoidal;  generally  soft  or  easily  im- 


II.  Chemical  Properties. 

(a.)  Easily  fiuibUj  become  concrete  on  cooling  and  are  found 
unchanged ;  not  volatile,  but  with  an  increased  heat  emit  essential  oH, 
and  the  more,  the  more  the  resin  is  soft  or  fluid. 

(6.J  Heated  in  dose  vessels  yield  the  usual  products  of  vegetaiU 
distiuation  and  a  brilliant  spongy  charcoal ;  they  contain  less  bydfx>- 
gen  than  volatile  oils. 

(c.)  Bum  in  the  air  ufith  much  yellovf  flame  and  smoke,  and  a 
peculiar  fragrance ;  aqueous  vapor  rises  and  a  fine  charcoal  which  is 
a  pure  lampblack^  is  received  on  suspended  stufls.* 

id.)  Insoluble  in  water  and  in  most  watery  fluids, 
e.^  Soluble  in  alcohol^  especially  if  hot ^  forming  a  clear  but  color- 
ed solution ;  alcohol  of  sp.  gr.  0.835  dissolves  }  of  its  weight  at  60^ 
F.^H.  most  of  the  resin  is  precipitated  by  water,  and  is  pulverulent 
and  unaltered. 

(/.)  Soluble  in  sulphuric  ether  and  in  the  fixed  and  euential  aUs, 
especially  the  latter. 

(jg.)  The  alcoholic  solution,  evaporated,  gives  the  resin  unchanged. 

lA.)  Solution  in  ether  and  essential  oils  is  precipitated  by  water. 

(i.^  Solubility  of  the  more  difficuldy  soluble  resins  is  promoted  by 
campnor. 

U)  Among  the  fixed  oils,  the  drjring  oils  are  particularly  employ- 
ed for  the  solution  of  resins,  and  among  the  essential  oils,  the  oil  of 
turpentine. 

(k,)  Fixed  alkalies,  by  long  boilings  dissolve  powdered  resins;  100 
parts  of  rosin  with  8}  oi  potassa,  form  a  good  soap;  carbonates  (even 
the  carbonate  of  ammonia)  do  the  same,  only  less  actively,  and  the  car- 
bonic is  in  all  such  cases  evolved;  the  compounds  are  saponaceous ;f 

•  Vol.  I.  p.  867. 

t  Gay-Lumc,  (Coure  de  Chimie,  Vol.  II.  p.  90,)  Bays— <<  Lea  resinea  te  compor- 
tent  comroe  des  acides ;  nous  rf  garderons  cette  r^sine  comme  le  type  des  autres  et 
comme  ud  acide ;"  because  it  saturates  the  alkalies,  and  when  they  are  saturated  by 
an  acid,  the  resin  is  recovered  unchanged.  Although  sustained  by  such  high  author- 
ity, I  cannot  but  regard  the  prevailing  mode  of  eallinff  every  thing  an  acid,  which  sat- 
urates a  base,  whatever  may  be  its  properties  in  other  respects,  as  a  departure  from 
flound  lotfic  and  as  tending  to  break  down  all  useful  distinctioos  between  acids  and 
other  suMtances.  Laugier  objects  to  Gay-Lussac's  use  of  the  word  resin  In  this  sense. 
(Coursde  Chlmie,  Vol.  III.p,  267.) 
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tlie  alkalbe  solution  is  clear  and  bears  dilution  with  water  without 
decomposition. 

(Z.)  These  solutions  are  decomposed  by  adds  and  resin  is  precipi- 
iated;  rosin,  mixed  with  soap  by  the  boilers,  is  dissolved  and  im- 
parts the  yellow  color  and  peculiar  odor. 

Acids  act  on  resiris, 

(a.)  The  nitric^  with  long  continued  and  repeated  digestion,  pro^ 
duces  a  deep  yellow  solution  which  precipitates  gelatine,  and  there- 
fore contains  tannin  ;  the  resin  before  solution  becomes  a  pale  orange 
colored  brittle  body  and  then  appears  to  be  intermediate  between  ex- 
tract and  resin;  the  solution,  which  is  permanent  in  the  air,  becomes 
turbid  by  water. 

(i.J  Tannin  is  produced  in  much  greater  quantities  ^  the  resin 
have  been  slightly  charred^  either  by  heat  or  by  sulphuric  acid;  nitric 
acid  acting  on  charcoal  alone,  produces  more  tannm  than  the  whole 
weight  of  the  charcoal. 

(c.)  Oxalic  add  is  not  produced  in  any  case  in  which  tannin  is 
formed;  hence  resins  are  distinguished  from  mucilages,  gum  resins, 
&;c.  which  yield  oxalic  acid  by  the  agency  of  this  acid. 

{d,\  Concentrated  sulphuric  add  dissolves  powdered  resin^  very 
quickly;  ibe  solution  is  of  a  transparent  yellowish  brown,  and  of  an 
oily  appearance ;  becomes  darker  if  the  digestion  is  continued ;  sul- 
phurous acid  gas  is  exhaled,  and  at  the  end  of  some  days,  a  black 
porous  coal  remains,  weighing  one  fifth  or  one  third  of  die  resin, 
while  by  incineration,  in  close  vessels,  hardly  yi?  of  the  weight  of 
the  resin  is  obtained  b  the  form  of  charcoal. 

(e.)  Water  decomposes  the  sulphuric  solution;  the  precipitates  re- 
semble resin  the  more,  the  earlier  they  are  made,  aiid  charcoal  ihe 
later ;  tannin  is  produced  in  one  stage  of  the  process. 

(/.)  Acetic  add  dissolves  resins  by  digestion,  and  water  throws 
them  down  without  change;  resin  and  duten  may  be  thus  separated ; 
the  acid  dissolves  both,  but  the  gluten  is  not  precipitated  by  water. 

{g.)  Resins  unite,  by  fusion,  with  sulphur  and  phosphorus,  but 
with  difficulty. 

(A.)  Volatile  oils,  by  exposure  to  air,  become  inspissated,  and  op- 
prodch  to  the  nature  of  resin;  benzoic  or  camphoric  acid  is  also 
formed ;  resins  are  thought  by  some  to  be  volatile  oils,  deprived  of 
a  portion  of  hydrogen  and  combined  with  some  oxygen. 

III.  CoMPosiTioN.-^U  authors  agree,  that  carbon,  oxygen  and 
hydrogen,  are  the  elements;  but  there  is  considerable  difierence  in 
the  proportions  found  by  different  analysts,  as  appears  from  the  fol- 
lowing table,  cited  from  Dr.  Henry. 
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Gay-LuMac 

and  Th6nard.*  Dr.  Ure.  Tbomaon.t 

Carbon,  76.944  75.  63. 1 5  48.98  )  Resin  dried  at  276^ 
Oxygen,  13.337  12.50  26.26  48.98  \  with  the  loss  of  both 
Hydrogen,    10.719     12.60     11.69       2.04 )  water  and  some  es- 

^—    sential  oil. 

100.  100.  100. 
The  two  first  nearly  agree,  and  they  correspond  with  about  16  equiv. 
of  carbon  =  90  +  2  of  oxygen  =  16  +  13  of  hydrogen  =13  =  119. 
We  cannot,  however,  entirely  rely  upon  this  conclusion.  It  appears 
that  in  the  resins,  the  hydrogen  is  in  greater  proportion  than  to  form 
water. 

IV.  Kinds  and  Sources  or  Resin. 

Resin  is  a  very  important  and  abundant  vegetable  product;  often 
combbed  with  odier  principles,  particularly  with  essential  oil. 

1.  Jlesin  exudes  spontaneously ^  or  from  wounds  in  trees y  or  is  de- 
posited in  the  interstices  of  the  wood,  or  in  particular  vessels,  or  in 
the  green  matter  of  leaves,  which  is  a  kind  of  resin ;  there  is  so  great 
a  variety  of  resinous  substances,  that  it  is  impossible  to  enumerate 
them  all ;  they  may  be  divided  into  resins^  balsams^  and  gum  resins. 

{a,)  Rosin  is  the  concrete  residuum  of  the  distillation  of  turpen- 
tine. — ^The  juice  of  the  different  species  of  pine,  consists  chiefly  of 
resin  and  essential  oil  of  turpentine ;  the  principal  kinds  are  Pinus 
JlbieSf  sylvestrisj  Larix  and  balsamea."^ 

Sb,\  Common  turpentine  is  from  the  Pinus  sylvestrisy  (Scotch  fir.) 
c.)  Venice  turpentine^  more  thin  and  aromatic,  is  from  the  Pinus 
IjariXy  larch, 

(d.)  Strasburgh  turpentine^  from  the  Pinus  Picea^  (silver  fir.) 

fe.)   Canadian  balsam — Pinus  balsameaA 

{f.)  Carpathian  or  Hungary  balsam — Pinus  Cembra,  (Siberian 
stone  pine.) 

ffif.)   Chio  turpentine — from  the  shrub  Pistacia  Lentiscus. 

lA.)  Burgunay  pitch — Norway  spruce  fir  and  the  larch. 

(t.)  Thus  or  common  frankincense — ^Norway  spruce. 

(/.)  Common  turpentine\\  is  obtained  by  exudation  and  hardening 
of  toe  juice  fiowmg  from  incisions  in  the  pine  trees.lT 

*  Coura  de  Chimie,  &c.  t  Ann.  Philos.  XV. 

t  Jotir.  de  Phys.  Torae  XXI.  §  Balm  of  Gilead  Fir,  Aikins. 

||The  ordinary  American  turpentine  is  extracted  chiefly  from  the  Pinus  piUuatris 
of  Willdenow  and  Pursh,  (P.  auatralUj  Michaux,  arb.  for.  I,  p.  64,)  which  grows 
abundanUy  in  the  Southern  States.  All  the  trees  mentioned  in  the  text,  except  the 
Hfius  baisamea,  are  natives  of  Europe. — j.  t. 

H  In  France,  a  tree  in  which  incisions  are  made  every  year,  often  yields  from 
six  to  twelve  pounds,  and  lasts  one  hundred  years  ;  the  old  holes  grow  up,  al- 
though sometimes  eighteen  inches  wide  and  two  or  three  deep ;  the  turpentine  that 
concretes  in  winter  around  the  incision,  is  called  Barraa  or  GaUpoi ;  it  contains  less 
•il  than  that  which  collects  in  tiie  sammer ;  it  is  mixed  with  suet  to  make  flambeaux. 


RESINS.  401 

(i.)  OH  of  iurpentinej  is  distilled  in  cm  apparatus  Uke  the  com- 
mon stiU;  water  is  placed  with  the  turpentine,  and  the  residuum  and 
product  exceed  the  original  weight.* 

!L)  Rosin  is  called  Brai  sec^  by  the  French.f 
m,)  Tar  is  melted  out  from  the  resinous  trees  by  a  smothered  fire^ 
either  covered  with  turf  like  a  coal  pit,  or  in  egg  shaped  fumaces.| 
(n.)  Pitch  is  tar  inspissated  by  boiling  A 

2.  Mastichw — From  the  Pistada  Lentucus  in  the  Levant,  espe- 
cially Chios.  II     Best  mastich  is  m  roundish  tears,  hard  and  brittle. 

3.  Sand  ABAC  H,-<-JVom  the  Juniper  communis.^ 

4.  Elemi. — Supposed  to  be  from  the  Amyris  Ekmifera^  from 
South  America.** 

6.  Anime. — Prom  the  Hymenaa  CourbarUj  of  North  America, 
Brazil,  and  New  Spain.f  f 

6.  Tacamahac. — From  the  Popvlus  babamifera^  of  Canada. 

7.  Ladanum  or  Labdanum. — From  the  Cistus  creticus^  a  (ira* 
grant  shrub  which  grows  in  the  mountains  of  Syria  and  Candia,  and 
in  the  Levant. 

8.  Botany  Bat  Resin. — From  the  Acarois  resinifera  of  a  yel- 
low color. 

9.  LacW  exudes  and  concretes  in  consequence  of  the  puncture  of 
an  insect;  this  is  the  stick  lac. 

(a.)  Seedlacis  this  concretion  granulated,  picked  and  boiled  in  water. 


*  Therefore,  some  water  is  probably  combined ;  If  distilled  without  water,  some 
good  oil  is  obtained,  but  it  soon  becomes  empyreumatic,  and  the  resin  is  decorapo- 
fed ;  250  lbs.  of  good  turpentine  produce  60  lbs.  of  the  oil. 

t  Common  rosm,  boiled  for  a  while  with  water,  forms  the  substance  used  by  muni- 
cians  to  put  on  their  strings.  Rorin,  Icept  in  fusion  some  time,  becomes  blacker  and 
more  brittle,  and  is  called  colophony. 

t  In  France  and  Switerzerland  ten  feet  hieh  and  five  or  six  wide;*u]^er  orifice 
narrow ;  fire  begins  at  top  and  the  orifice  is  finally  closed ;  10  or  12  per  cent,  of  tar 
are  obtained  from  common  pines,  1-4  from  the  red  wood  and  knots ;  lamp  black  ool- 
lecti  on  the  stones.  Tar  water  derives  its  virtues  chiefly  from  the  pyro-acetic  add 
and  ebipyreumatic  oil. 

§  It  18  done  near  London  in  a  still  to  save  the  acid  and  oil,  (Aikins.)— Still  of  4M)0 
gallons  works  18  or  20  barrels  of  tar  in  8  hours,  s=10  barrels  ^itch,  or  22  cwt  and 
176  gallons  of  oil,  and  40  of  acid ;  the  oil  is  used  in  coarse  painting  and  the  acid  in 
forming  mordants  for  calico  printing. 

II  Softens  in  the  mouth,  chewed  in  Turkey  to  sweeten  the  breath  and  streogtben 
(he  gums ;  thence  its  name  of  mastich.  Solution  in  alcohol  and  that  in  essential  oils 
much  used  as  a  varnish,  alone,  or  with  other  resins. 

^  Similar  to  mastich ;  soluble  in  alcohol  and  in  oik ;  much  used  in  vamishiDg ; 
pleasant  smell ;  nearly  tasteless. 

**  In  large  greenish  masses ;  strong  odor  like  fennel ;  costly ;  used  fiir  liniments 
and  varnishes. 

tt  So  much  resembles  eopal  that  it  is  often  sold  for  it  or  mixed  with  it ;  soluble  in 
alcohol ;  it  is  chewed  by  the  natives ;  never  used  in  Europe ;  sometimes  used  in 
varnishes;  brought  in  small  tears  or  in  larger  masses, 

it  The  Coccus  Laced  fixes  itself  on  the  twigs  and  extreme  branches  of  the  JBan- 
von /if ,  the  JUiomnus  Jujuba,  or  Biher,  and  on  other  trees  in  the  East  Indies : 
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Lump  lot  is  the  latter  melted. 
(6.)  Shdl  lac  18  cast  from  the  stick  lac* 

(c.)  Lac  comiits  chiefy  of  resin  and  coniaini  coloring  wuUter 
Vfiik  vegetable  gluten  and  wax.    Mr.  Hatchet  found  the  t&ree  sorts 

of  lac  to  have  the  following  composiuon. 

ColoriDf 
Reno.         Eitrmct.      Wax.        Glaten. 
Suck  lac,      -       -      -       68.  10.  6.  6.5 

Seed  lac,         ...  88.5  2.5        4.5        2. 

Shell  lac,      -      -      -       90.9  0.6        4.  2.8 

(J.)  Cold  alcohol  diuolves  the  greater  part  of  lac. 
(e.)  Water  diisolves  the  coloring  matter. 
(/.)  Soluble  in  aqueous  solution  of  Borax.\ 
10.  Copal. 

ia.)  A  peculiar  resin  from  South  America  and  the  East  Indies. 
b.S  Hardy  brilliant,  transparent,  yellowish  and  pulverizable. 
c.)  Sp.gr.   1.04  ^o  1.13;  highly  electrified  by  friction;  often 
contains  msects  and  resembles  amber  very  strongly. 

(d.)  The  composition  of  copal  is  almost  exactly  what  has  been  al- 
ready stated  for  the  resins. 

(c.)  Varnish  of  copal  is  tough,  firm^  transparent,  and  admits  of 
a  high  polish ;  the  method  of  preparing  it  belongs  to  the  arts,  but  a 
few  facts  may  be  mentioned. 

Methods  of  dissolving  copal. — J^ot  soluble  in  water,  nor  easi- 
ly in  aieohol,  ether,  and  essential  oils. 

1.  Soluble  under  pressure,  or  by  digestion  at  160°  in  oil  of  tur- 
pentine. 

2.  After  torrefaction,  soluble  in  linseed  oil,  that  has  been  discolored 
by  light. 

3.  In  the  purest  and  strongest  alcohol.  | 

deposits  its  e^gs  and  glues  them  to  the  branches  by  a  red  semi-pellacid  liquid, 
which  finds  the  insect  a  eeU  and  the  egg  an  envelope ;  it  is  a  bag  full  of  a  beautiful 
red  liquid  which  supports  the  insect  till  it  eats  through,  leaving  a  resinous  mass  wliicb 
Is  the  stick  lac. 

*  It  Is  melted  in  a  canvass  bae,  pressed  through  when  fluid  and  formed  into  thin 
layers  by  congealing  on  the  outnde  of  a  plantain  tree  prepared  for  the  purpose. 

Best  lac  comes  from  Akam  but  the  uncultivated  mountains  on  both  sides  the  G«ui- 
gee  abound  with  it. 

Stick  lae  contains  the  most  of  the  coloring  matter,  and  shell  lac  the  least. 

t  Borax,  20  grs.  Lac  100,  water  4  oz.,  mixed  with  lamp  black  forms  Indian  or  Hin- 
doo ink,  which  is  also  a  varnish.  Shell  lac  in  India  is  cut  into  beads,  necklaces,  &c.; 
it  is  the  basis  of  the  best  sealing  wax ;  (proportions,  lac  64,  turpentine  64,  wax  3, 
Tennillion  80 ;  or  lac  4,  Venice  turpentine  2,  rosin  2 ;  red  lead  and  Vermillion  color 
the  red  wax,  and  lamp  black  the  black ;)  of  hard  Japan  yamishes,  of  lacquer,  hence 
the  word  lacquering.  Stick  Uc  is  a  dye.  Sand  melted  with  lac  is  used  in  India 
for  grindstones ;  corundum  with  lac  is  used  for  grinding  and  polishing  gems. 

X  Add  to  powdered  conal,  liquid  ammonia,  till  the  swelling  ceases,  anid  it  becomes 
a  clear  consistent  mass,  heat  it  to  95^  Pah.  and  add  it  in  successive  portions,  to  cold 
strong  alcohol ;  a  colorless  and  perfect  varnish  is  obtained^ — J.  J,  Berxdmt. 
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4.  2  oz.  copal,  4  liquid  ammonra,  1  pint  of  oil  of  turpentine ;  so- 
luble by  a  regular  heac  with  some  pressure. 

5.  In  camphorated  alcohol,  or  4  oz.  copal,  i  oz.  camphor,  i 
pint  alcohol  with  a  regular  heat.* 

6.  When  kept  suspended  in  oil  of  turpentine  or  of  alcohol,  witli 
some  pressure. 

7.  If  melted,  it  is  dissolved  by  dense  and  volatile  oilsf  dropped 
upon  it; 

8.  By  ether,  with  time  and  agitation*  « 

Remark. — ^The  common  copal  varnish  is  made  by  a  previous 
melting  and  torrefaction,  with  the  subsequent  addition  of  linseed  oil 
and  oil  of  turpentine;  it  is  occasionally  adulterated  with  anime, 
mastich,  sandaracfa,  Sec. 

11.  Amber. — Of  vegetable  origin%  although  found  in  gravel, 
sand,  bc.;^  very  analogous  to  renns  although  differing  from  them 
and  all  bodies  m  some  particulars. 

(a.)  Re$embles  copal;  sp.  gr.  1.06  to  1.10,  odorous  by  heat  or 
firi^on  and  highly  electric.]] 

(6.)  Apeeviiar  crystaUtTie  aetd^  the  succinic,  is  sublimed  from  it 
by  heat  ;ir  bums  with  flame. 

{c.)  Amber  is  only  partially  soluble  in  alcohol;  soluble  in  caustic 
potasn. 

(d.)  If  roasted  J  it  is  soluble  infixed  and  volatile  oOs^  and  both  are 
used  to  form  amber  varnish. 

^d,)  Sulphuric  acid  ads  Ufith  energy ;  nitric  with  violence;  artifi- 

'  musk  results  from  an  action  of  this  kind ;  pulverized  amber  de- 
tonates in  melted  nitre. 

(e.)  jBy  distillation  J  amber  affords  a  peculiar  oU^  colored  and  em- 
pyreumatic;  but  repeated  distillations,  (or  one,  if  performed  in  a  water 
bath,)  afford  it  limpid  ;**  it  is  about  two  thirds  the  weight  of  the  am- 
ber, and  with  liquid  ammonia  and  potash,  it  anciently  formed  the 
remedy  called  Eau  de  Luce. 

(/•)  Amber  bums  vnth  spitting  and  frothing  and  the  liquefied  drops 
rebound;  those  of  copal  flatten. — Hauy. 

{g.)  Dr.  Ure  found  amber  to  be  composed  of  carbon  70.68  ox- 
ygen 17.77  and  hydrogen  11.62. 

*  Camphor  ib  a  great  auxiliary  to  oil  of  turpentine  in  difsotying  copal ;  oopal  and 
camphor  by  trituration  become  a  loft  mass,  aikl  remain  loni^  so  in  the  air. 

t  Especially  by  oil  of  Lavender  and  rosemary,  and  by  oil  of  turpentine ;  volatile 
oils  aid  each  other. 

X  It  often  contains  insects  in  fine  preservation,  thus  proving  that  it  has  been  soft 
and  has  gradually  hardened ;  the  insects  are  said  by  Jussieu  not  to  be  European. 

\  Found  also  in  lignite. 

II  The  name  electricity  is  from  the  Greek  ^Xcxtpoy. 

IF  See  vegetable  acids. 

**  Succinic  acid  is  removed  by  washing ;  a  black  coal  remains  from  the  distilla- 
tk>n  of  amber;  it  is  the  basis  of  a  varnish. 
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Besides  the  atiove  resms  there  U  gwm  hei^roi  which  ezades  from 
the  ivy;  bIso  the  green  coloring  matter  €f  leaves  and  of  almoHiM 
etables;  it  is  insoluble  ia  water  but  soluble  in  alcohol;  chloriDe  de- 
velopes  the  resinous  properties  in  greater  perfection ; 

(A.)  Berzelius  found  in  amber  essential  oil,  two  resins,  (one  of  them 
fnsoluble  in  cold  alcohol)  and  the  succinic  acid. 

UsBV  or  Resins. 

JVb  renn  is  jU  for  food. — ^In  forming  varnishes,  generally  more  than 
one  resin  is  dissolved ;  varnishes  are  made  with  oil  or  spirit,  and  the  &Hs 
are  either  expressed  or  volatHe,  commonly  drying  linseed  oil  oraiicf 
turpentine.  Kesin  or  rosin  with  mastich  is  boiled  m  linseed  oil,  and  od 
of  turpentine  is  added  to  accelerate  the  drying ;  copal  is  often  used  in 
the  fat  varnishes  and  the  solution  of  this,  or  of  masuch  is  frequently  mix* 
ed  with  odors  as  they  aid  in  preserving  the  body,  the  Unt  and  the  lustre. 
Varnish  of  oil  of  turpentine  is  made  with  mastich,  and  copaL  Spirii 
varnishes  dry  readily  but  are  apt  to  crack;  they  are  made  with  masttich, 
sandarach,  lac  and  copal  or  some  mixture  of  them.  Mastich  or  san- 
darach,  alone  or  mixed,  forms  a  colorless  varnish  with  alcohol  ;*  tur- 
pentine prevents  the  varnish  from  cracking.  Lac  forms  a  colored 
varnish ;  it  is  used  where  cokr  b  of  no  importance  or  even  of  advan- 
tage, as  in  lacquering  brass. 

AsphaUuttij  a  mineral  resinous  body,  is  used  as  the  basis  of  a  Uack 
numidi* 

BALSUfS. 

(a.^  Bdsamsj  in  the  popular  and  pharmaceutical  sense,  are  resins, 
containing  so  much  volatile,  oil  as  to  be^uul  or  semirfiutd. 

(&.)  Jiiey  belong  to  the  turpentines,  although  all  turpentines  are 
not  called  balsams.f 


*  Ttnilahat.— Th^nard. 

iSjpirii  Varnish, 

StroDi^  alcohol,       •                      -           -           -                       -  S2 

MtMich, 6 

Sandancby  ..---..3 

Yenice  turpentine,       ------  3 

Glass  coarsely  pounded,                 -           .           -           .           .  4 

Eisence  Vamith, 

Mastich  powdered,           -----             -  IJ 

Tarpentine,               ------  n 

Camphor  in  pieces,           -----             -  j 

White  glass  powdered,           -----  5 

Spirits  of  turpentine,       -           -           -           .           .             -  SS 
Fat  Varmih. 

Copal, IS 

Linseed  oU,        -                      -----  g 

Spirit  of  turpentine,          -...-.  61 

t  Balsam  was  originally  the  juice  of  the  Jltnyrii  gUeadenms,  hut  tte  lem  wia 
esleaded  lo  all  fragrant  mbataaces  of  this  kind. 
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Balsams,  in  diemical  language,  taean  compounds  ofbenzok  acid 
and  resinj  with  sometimes  a  portion  of  essential  oU.  There  are  two 
classes  of  balsams,  liquid  and  solid. 

As  the  balsams  do  not  form  a  distinct  proximate  principle,  but  con- 
sist of  several  united,  it  is  not  necessary  in  this  work  to  describe  them 
minutely.  The  following  general  noUce  will  be  sufBcient,  as  their 
constituent  proximate  principles  have  or  will  come  under  review. 

(a.)  Melt  and  exhale  Benzoic  acid*  and  oil;  combustible. 

(&.j  Soluble  in  alcohol,  ether  and  volatile  oils ;  the  alcoholic  solu- 
tion decomposed  by  water. 

(c.)  Odorous ;  decomposed  by  alkalies  which  combine  with  their 
acid ;  the  acid  is  pardy  extracted  by  water.  They  exude  from 
wounds  or  cracks. 

Lk^UID   BALSAMS.f 

1.  Balsam  of  Copaiba. 

2«        "         Mecck,  Opobalsam  or  Balm  of  Gilead. 

3.  "         Peru. 

4.  «         Tolu. 

5.  "         Styrax,  viz.  liquid  styrax  or  liquid  amber. 

The  liquid  or  semi-fluid  balsams,  frequently  become  concrete  by 
age. 

Solid  Balsaics. 

1.  Benzoin. 

2.  Storax. 

3.  Dragon's  Blood. 

For  the  reasons  ahready  stated,  I  merely  name  these  substances, 
and  refer  for  their  description  to  books  on  the  arts  and  the  materia 
medica. 

Dragon's  blood,  is  in  request,  because  it  makes  with  alcohol  a  red 
varnish  and  in  chemistry  Benzoin  is  always  used  to  alBTord  the  Ben- 
zoic acid.* 

GUM  RESINS. 

^a.)  Not  a  distinct  proximate  prbciple ;  contain  chiefly  gum  and 
resm,  with  sometimes  wax,  gluten  and  volatile  oil. 

(i.)  Belong  to  medicine  and  the  arts,  but  are  worthy  of  being 
mentioned. 

(c.)  Often  active  in  taste,  smell  and  medical  power. 

fd.)  Exude  from  trees  and  plants,  and  become  inspissated, 
e.)  Alcohol  dissolves  the  resinous, — water,  the  gummy  part; 
proper  solvent  proof  spirit ;  water  precipitates  the  resinous  part. 
(/.)  Generally  soluble  in  boiling  alkalies. 


*  See  the  vegetable  acids. 

t  It  is  said,tJiat  some  of  these  do  not  contain  Benzoic  add,  and  are  therefore  mere- 
ly turpentines,  bat,  as  I  am  not  able  to  say,  with  precision,  which  are  in  this  condition, 
Ihey  are  allowed  to  stand  above,  as  they  are  commonly  classed. 
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PRINCIPAL  GUM  aESINS. 


Galbanum.  Gamboge  or  Crumgutt, 

Ammoniac.  Myrrb. 

Olibanum.  Sagapenum. 

Asafcetida.  Euphorbium. 

Scammony.  Aloes. 
Opopanax. 

GALBANUM. 

From  the  Bubon  gaibanumj  a  pereimial  umbelliferous  plant  of 
Ethiopia. 

Composition — ^resio  66.86,  gum  19.28,  with  volatile  oil,  tic. 

GUM  AMMONIAC. 

Comes  from  the  East  Indies,  from  an  umbelliferous  pkot,  but  not 
known  what  species. 

Compoiition — resin  70,  gam  18.4,  glutinous  matter  4.4,  water  6. 
OLIBANUM — ^Frankincense  of  the  ancients. 

(a.)  From  Turkey  and  the  East  Indies,  from  the  BostoaOia  tka- 
rifera^  or  Juniperut  lycia.* 

(b.)  On  a  heated  body  it  is  fragrant.f 

(e.)  Alcohol  dissolves  three  fourths,  and  water  three  eighths. 

Remark. — Olibanum  is  not  the  frankincense  of  the  shops ;  this  is 
said  to  be  from  the  turpentine  tree. 

ASAVIETIBA. 

From  a  lar^e  perennial  umbelliferous  plant,  the  Ferula  ArfoUidOf 
which  grows  m  the  mountains  of  Persia  and  Arabia. 

Smell  venr  fetid  and  difiiisive ;{  taste  acrid  and  nauseous. 
Campon^toi»— i^sin  65,  gum  19.44,  bassorine^  11.66. 

SCAMMONT.     . 

From  the  root  of  the  Convolvulus  scammoniaj  a  climbing  plant  of 
Peraa  and  Syria. 

Composition — ^resin  29,  gum  8,  5  extract. 

OPOPANAX. 

From  Turkey  and  the  East  Indies,  ||  from  the  root  of  an  umbel- 
liferous plant,  the  Pastinaca  Opopanax. 

Composition — ^resin  42,  gum  33.40,  farina  4.20,  &c. 

*  Writers  are  not  a^^reed  as  to  tbe  origin  of  this  substance. 

t  Accounted  oorrot>orant»  and  used  in  disorders  of  the  head,  breast  and  stomach ; 
and  in  plaisters,  unguents  and  fumigations, 

t  A  dnp^le  dram  of  the  fresh  juice  smells  more  than  100  lbs.  of  the  dried  extract 
The  Persians  hire  fehips  on  purpose  for  its  transportation,  as  it  infects  every  thing; 
the  odor  depends  on  an  essential  oil,  which  rises  in  distillation  both  with  water 
and  spint ;  it  is  adminbtered  in  nervous  and  hysteric  affections,  &c. ;  a  tincture  of 
it  is  kept  in  the  shops. 

§  A  variety  of  gum.  ||  And  countries  around  the  Levant. 


^ 
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GAMBOGfi.* 

From  a  middKng  sized  tree  of  Ceylon,  Slam  and  Cochin  China, 
the  Slcdafftnitis  cambogioides ;  also  from  the  Gambogia  gutta. 
In  small  yeUow  tears ;  shining  conchoidal  fracture. 
In  the  blaze  of  a  candle  melts,  and  scintillates. 
Alcoholic  solution  is  of  a  clear  gold  color. 
Acids  precipitate  it  yellow. 
Compontion. — ^Resiri  80 ;  gum  20. 
Used  as  a  water  color,  but  does  not  stand.f 
A  very  energetic  cathartic  and  emetic. 

HTRBH. 

Grows  in  Abyssinia  and  Arabia ;  the  tree  not  distinctly  known. J 
Compontion. — Resin^  23,  gum  77. 

SAGAPENUM. 

Supposed  to  be  &om  the  Ferula  persica;  very  much  resembles 
asafcetida,  but  weaker  m  sensible  properties. 

EUPHORBIUM. 

From  the  milky  juice  of  a  large  shrub,  the  Euphorbia  officinalis. 
Taste  biting,  if  held  some  time  in  the  mouth,  producing  inflam- 
mation, and  the  powder  affects  the  head  violently.  || 
Composition. — ^About  equal  parts  of  gum  and  resin. 

ALOES. 

From  the  leaves  of  the  aloe.lT 

An  intimate  combination  of  gum  and  resb,  so  perfectly  blended, 
that  water  and  spirit,  separately  applied,  dissolve  the  greater  part 
of  both. 

Appendix. 

GUIACUlf. 

A  resinous  substance,  with  some  peculiar  properties.** 


*  Brought  from  Cambaja,  Cambodja  or  Oambogia,  in  the  East  Indies ;  thence  the 
name  of  Cambadiom,  Cambogium  or  Gambo^um. 

t  The  tincture  enters  into  the  lacquer  for  brass ;  used  also  to  stain  white  woods 
in  imitation  of  box ;  and  to  color  marble  yellow. 

X  Brought  from  Alexandria.    Bruce  says  it  belongs  to  the  g^nus  Mimosa. 

ii  A  cosmetic  called  oil  of  myrrh  was  formed  by  myrrh  and  white  of  egg. 
[  Unfit  for  internal  use,  but  employed  in  the  veterinary  art  as  an  epispastic. 
I  There  are  three  sorts  of  aloes  known,  soeotrina,  h^Hca,  and  eaiaUinn ;  these 
being  merely  varieties,  are  here  placed  in  the  order  i>r  their  medical  excellence. 
♦•  PhU.  Trans.  1806.    Brande. 
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Obtained  from  the  Lignum  viUt^  bjr  beatii^  tbe  bored  wood,  and 
the  resin  flows  out  through  the  longitudinal  canak. 

Has  a  fragant  smell,  when  pounded  or  heated ;  when  swaDowed 
bums  in  the  throat. 

Alcohol  dissolves  it  with  facility  ;  solution  deep  brown :  becomes 
milky  by  water  from  the  separation  of  the  rean.* 

Sulphuric  acid  gives  a  pale  green  precipitate.  Nitrous  ether,  with 
water  a  fine  blue.f 

Solution  of  chlorine,  the  same ;  the  blue  is  permanent  when  dried. 

Nitric  acid  diluted  with  ^  water  gives  after  some  hours  a  green 
color,  and  with  more  water  a  green  precipitate ;  ultimately  a  Une 
and  a  brown.  One  hundred  grains  of  guiacum  yield  about  9  to  water 
and  95  to  alcohol. 

Sec  m. — Fecula,  Fabina  or  Starch. 


(a.)  An  important  proximate  principle. 


Obtained  iimply  by  breaking  down  the  texture  of  the  vtgeteh 
ble,  and  washing  it  with  cold  water^  when  an  incoherent  white  pow- 
der subsides. 

{cA  Obtained  from  all  the  farinaceous  grams  and  roots  ^  the  pre- 
paration of  starch  is  a  good  example. 

Starch. — Procc88.| 

(a.)  Wheat  coandy  bruited  or  notj  is  pl^eed  in  clean  water  tH  k 
softens  and  swells,  and  gives  out  a  milky  fluid ;  the  grains  are  press- 
ed or  beaten  m  a  hempen  bag,  while  cold  water  is  poured  on ;  the 
saccharine  matter  b  the  grain  forms  alcohol,  and  from  this,  vin^ar 
b  generated,  which  dissolves  the  gluten,  phosphate  of  lime,  and  o^r 
impurides,  and  thus  whitens  the  fecula ;  this  is  repeatedly  washed 
with  cold  water,  is  strained  on  linen  cloth,  and  laid  in  a  box  full  of 
holes;  it  is  then  cut  into  pieces  and  dried  on  new  bricks  and  lastly  in 
a  stove.^ 

(i.^  Thefectda  can  be  obtained  in  a  simpler  way^  by  the  continued 
washtngj  in  a  small  stream  of  cold  water,  of  a  stiff  paste  of  wheat 
fiour^  or  what  I  find  preferable,  the  dough  after  it  has  partially  or 
completely  fermented  to  make  bread ;  the  fecula  is  carried  away  in 
tbe  form  oi  a  white  powder,  and  the  gluten  remains  in  the  hand. 


*  W)jic:U  ofleti  prcfc^DU  a  curious  tremulous  appearance  as  it  precipitates  and  col- 
lectfi  into  a  ma^^^coj^ify  sparable  from  the  fluid. 

1  This  clmnre  to  blu<?  teems  characteristic  of  guiacum,  and  has  been  employed 
to  detect  tti  auulterationji. 

t  F'or  a  E^ad  acrount  uf  these  processes  see  Laugier^s  Cours  de  Chimie,  Vol.  III. 

^  See  UtirrayV  Cb«ju,  Vol.  IV,  p.  126,  and  Aikins*  Diet  ardcle  Starch,  and  PhiL 
M#g,  Vd,  XXlX* 
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II.  Pbopsrties. 

(a,)  A  fine  white  powder,  soft,  iDsipid,  inodorous;  in  a  strong  light, 
ana  especially  with  a  lens,  appearing  like  briUiani  graim }  when 

Eressed  between  the  fingers  "  it  breaks  with  a  slight  snap  and  a  pecu- 
ar  short  feel." 


(b.)  Starch*  is  commonly  in  prisms  like  basalt. 


Insoltible  in  cdld  water  as  is  evident  from  the  mode  in  which 
it  is  prepared. 

(a.)  Solubk  in  hot  watery  forming  a  gelatinous  fluid  or  emulsion; 
thickens  by  long  boiling  and  unites  wi£  boiling  water  m  any  pro- 
portion. 

(e.)  If  cold  water,  in  which  it  is  diffiised,  is  then  heated  to  160^  or 
180^,  it  is  dissolved,  and  the  jelly,  when  dried,  is  still  soluble  io  cold 
as  well  as  hot  water. 

(/.)  Starch,  like  mucilage,  is  soluble  in  hot  water;  but  differs  from 
it  in  being  insoluble  in  cold  water. 

(g.)  The  propertiea  of  itarch  are  modified  by  heat  so  that  it  be* 
comes  soluble  in  cold  water ;  this  takes  place  if  it  is  heated  a  little 
above  212^,  when  it  turns  brown  and  smells  like  baked  bread,  or 
simply  by  the  action  of  boiling  water  in  the  common  mode  of  making 
starch  paste  ;f  in  both  cases  it  is  soluble  in  cold  water,  ^d  gives  the 
blue  color  with  iodine. 

(A.)  These  properties  are  augmented  by  a  still  higher  heat, 
or  by  long  boiling,  and  to  this  modified  starch  the  name  of  amidinef 
has  been  given.^ 

(i.)  By  torrefaction,  starch  passes  very  nearly  to  the  condition  of 
gum,  and  in  that  state  it  is  used  in  the  arts  in  calico  printmg ;  it.  dif- 
lers  however  in  several  particulars  both  from  gum  and  starch*     ■ 

(J.)  Starch  is  insoluble  in  alcohol  or  ether. 

(k.)  Acids  act  on  it  much  as  on  gum, 

(/.)  Sulphuric  acid  slowly  dissolves  it  and  evolves  much  charcoal ; 
tlie  starch  dissolved  by  the  diluted  acid,  may  be  ag^  precipitated  by 
alcohol. 

(m.)  Starch  is  converted  into  sugar  by  the  modified  action  of  sul- 
phuric acid  and  of  some  other  acids.  ||      Sulphuric  acid  diluted 


*  The  grains  are  small  round  and  transparent  like  mother  of  pear] ;  they  are  cor- 
ered  with  a  smooth  envelope  insoluble  in  cold  acids,  they  receive  color  from  iodine^ 
and  contain  a  soluble  substance,  which,  after  being  heated,  is  not  colored  by  iodine 
and  resembles  a  gum ;  for  many  curious  observations,  see  Ann.  de  Ch.  et  de  Ph. 
Vol.  XXXI,  XXXIII,  and  XL. 

t  By  freezing,  starch  paste  is  also  much  altered. 

i  Jimyline  of  Saussure. 

'  Ann.  de  Ch.  etde  Ph.  Vol.  XL,  p.  198. 


II  The  details  are  too  full  to  be  quoted  in  this  work.    See  Th^naid,  5ih  edit.  Vol 
lV,p.27.-^         •    "•         '    " "       — 


Ann.  de  Ch.  etde  Ph.  Vol.  Xf,  p.  387. 

Vol.  n.  •  62 
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with  12*  parts  of  water  is  boiled  with  j\  of  starch  for  several  hours 
(36  in  the  earliest  experiment)  when  it  is  converted  into  a  kind  of  sugar 
which  may  be  crystallized,  and  will,  by  fermentation,  form  alcob(d.f 

No  gas  is  evolved,  the  acid  is  not  decomposed,  and  no  change 
has  been  ascertained  except  the  addiuon  of  more  oxygen  and  hy- 
drogen in  the  proportions  to  form  water. { 

(n.)  Dilute  nitric  acid  slatdy  dissolves  a  part  of  the  starch,  and 
becomes  green. 

(o.)  Strong  nitric  acid  acts  mth  energy ^  and  emits  nitrous  gas; 
with  beat,  bom  oxalic  and  malic  acids  are  formed. 

(p.)  Strong  muriatic  acid  dissolves  it  slowly  without  effervescence ; 
the  solution  is  colorless  if  the  starch  is  not  more  than  ^Vy  other- 
wise it  is  brown,  the  smell  of  the  acid  is  destroyed  and  thai  of  com 
mills  succeeds. 

(q.)  Alkalies f  in  aqueous  solution^  dissolve  it  without  heat;  it  is 
again  precipitated  by  acids. 

(r.)  Alcohol,  acetate  of  lead,  muriate  of  tin,  and  infusion  of  galls, 
precipitate  the  aqueous  solution  of  starch. 

Composition^  according  to  Th^nard  and  Gay-Lussac  is 

Oxygen, 49.68 

Carbon,      -------      43.65 

Hydrogen,       ------  6.77 

100.00 
The  analysis  of  Berzelius  gives  a  similar  result.     The  compdsitioD 
of  starch  is  so  analogous  to  that  of  sugar,  that  it  is  not  surprising  it 
should  be  converted  into  that  principle  by  germination,  and  by  other 
agencies. 

Proust  has  given  the  name  hordein,|  to  a  principle,  probably  a 
variety  of  starch,  from  which  he  conceives  the  sugar  lo  be  derived  in 
malting,  and  it  is  observed  that  frost  produces  a  similar  change  upon 
the  potatoe,  the  apple  and  the  parsnip. 


*  100  potAtoe  starch,  2  sulphuric  acid,  and  400  water,  by  boiling,  produce  raisin 
•ucar;  the  acid  In  withdrawn  by  chalk,  and  the  filtered  fluid  it  evaporated. — g.  l. 

T  If  the  temperature  exceeds  212^  F.  less  acid  is  required,  and  the  change  is  ef- 
fected in  a  shorter  time ;  1  to  2  parts  of  acid,  lo  100  potatoe  starch,  in  2  or  3  hours 
gives  crystatlizible  sugar. — Eng.  Quart.  Jour.  J^To.  XIV. 

X  Sauflsiire  stated  that  ttie  sugar  is  more  in  weight  than  the  starch,  but  this  has 
been  since  denied. 


X  Barley, 

contains  in 

100 

parts. 

Malt  in  100  parts  contains 

Resin, 

. 

1 

1 

Gum, 

- 

4 

15 

Sufrar, 

.     • 

5 

15 

Gluten, 

, 

3 

1 

Starch, 

- 

32 

fi6 

Hordein, 

- 

56 

12 

(Proust  quoted  by  Henry ;)  in  matting,  gum,  sugar  and  stasch  are  increased  and 
gluten  and  hordein  diminished. 
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Iodine  is  the  best  test  for  starch;^  its  solution  produces  with  iodine 
blue,f  purple  and  other  colors ;  it  is  said  that  the  compound  is  white 
when  the  proportion  of  iodine  is  very  small,  but  black  if  it  is  large, 

III.  Kinds  and  Sources. 

(a.)  Fecula  is  contained  in  all  nutritive  seeds  grains  and  roots ; 
most  plants  contain  a  portion,  mixed  or  combined  with  vegetable  ex- 
tract, sugar,  gluten,  albumen,  mucilage  or  oil.J 

(6.)  Among  roots^  it  is  found  especially  in  the  tuberous  and  buJb^ 
ous;  in  the  pith  of  trees  and  plants;  sometimes,  as  in  the  lichens, 
diffused  through  the  whole. 

(c.)  Fully  formedy  only  in  certain  steles  of  vegetation ;  in  the 
nutritive  grains,  perfect  only  at  maturity }  before  that,  like  a  saccha- 
rine mucilage,  which  appears  to  change  into  fecula. 

POTATOE    STAROH. 

(a.)  Thepotatoe  affords  much  very  fure  fecula ;  the  mealy  ap- 
pearance of  the  boiled  potatoe  when  broken,  is  owing  to  a  congeries 
of  fine  soft  grabs  of  fecula. 

(6.)  Extraction:  the  root  is  peeled  and  grated^  the  pulp  is  placed 
on  a  sieve  and  washed  with  cold  water;  and  the  fecula  is  repeatedly 
washed  and  then  dried. 

(c.)  Forms  from  16  to  17  pr.  ct.  the  remaining  parts  being  water 
with  8  or  9  fibrous  matter,  and  5  or  6  mucilage. 

{d.)  A  good  substitute  for  wheat  starch,  it  is  much  heavier  and 
more  economical ;  a  smaller  portion  forms  a  thick  paste  with  water. 

SAGO. 

(a.)  Extracted  from  the  pith  of  several  species  ofpoims  in  the  Mo- 
luccas, Philippine  and  other  East  India  isles. 

(6.)  Process. — The  tree  being  cut  into  pieces  of  5  or  6  feet  long, 
it  is  hollowed  so  as  to  uncover  the  pith,  which  is  agitated  with  cold 
water;  the  fecula,  being  thus  separated  from  the  fibrous  part,  is  passed 
through  a  sieve;  after  it  has  settled,  the  water  is  poured  off,  and  when 
partially  dry,  it  is  passed  through  perforated  copper  plates,  and  thus 
granulated. 

(c.)  It  becomes  gray  by  drying;  very  nutritious  and  much  used  in 
sickness;  the  natives  form  the  medulla  of  the  palm  mto  cakes  which 
they  eat. 


•  Seep.  74  of  this  Vol. 

1  Applied  in  tlie  artu  to  discover  wlietlier  goods  have  been  finished  with  starch ; 
if  so,  a  drop  of  a  solution  of  iodine  produces  a  blue  color. 
I  Aikins. 
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SALOP. 

(tf.)  Said  to  he  derived  from  the  prepared  roots  of  different  spedeM 
of  Orchis  as  Morio^  maseulaj  bifolta^pyramidalis. 

(6.)  Process. — ^Tbe  bulbous  roots  being  deprived  of  their  cuticle 
and  baked  for  10  or  12  minutes,  .become  semi-transparent  and  arc 
then  fully  dried  in  a  moderate  heat.*    This  fecula  is  used  for  food. 

Cassava. 

id.)  Preparedfrom  the  roots  of  the  Jatropha  montAor,  the  manioc. 
6.)  Process, — ^The  roots  being  peeled  and  pressed  in  a  bag  made 
of  rushes,  a  juice  exudes  with  which  the  natives  poison  their  arrows. 

(e.)  7%6  TectiZa,  after  suitable  washine,  is  innocent. 

[d.)  While  still  in  the  bag  it  is  dried  in  smoke,  and  then  passed 
through  a  sieve. 

(e.)  Of  this  substance  the  cassava  bread  is  made ;  cassava  is  said 
to  have  a  calming  effect.  Tapioca  is  only  the  finest  deposit  of  the 
cassava. 

Arrow  root  powder  is  the  product  of  the  MartnUa  artm- 
dinaeea  or  Maranta  indica.  The  roots  are 'washed  clean,  beaten 
to  a  pulp,  worked  by  hand,  the  fibrous  part  rejected,  the  milky 
liquor  strained,  and  the  sediment  washed  and  dried  in  the  sun.^-H. 

Composition. 

SowANs.f  ^Prepared  in  Scodand  from  the  flour  of  oats  by  a 
process  similar  to  that  used  for  common  starch. 

The  Lichens  contain  muchfeeida;  the  Lichen  Icelandicusis  very 
nutritious ;  when  pulverized,  it  affords  fecula  nearly  pure,  it  gives 
however  a  brown  and  not  a  blue  with  iodine.^ 

The  root  of  elecampane^  {Inula  Hdenivm)  affords  a  substance 
which  has  been  called  invlin  but  appears  to  be  only  a  variety  of 
fecula.  It  does  not  strike  a  blue  with  lodme,  and  is  more  soluble  in 
both  hot  and  cold  water  than  starch. 

It  is  deposited  from  a  decoction  of  the  root  after  it  has  stood  some 
hours.' 

JS«iiiarA:.|j — ^There  is  no  vegetable  matter  so  well  adapted  U>  the 
support  of  life  as  fecula,  and  it  forms  the  principal  part  of  all  the 
seeds  and  roots  which  are  used  as  articles  of  food  by  man.    Rice 


•  ThoiDMm. 

t  Hoct  twallow  greedily  and  thrive  on  the  ftarch-maker's  sour  w&ter»  and  the 
liqaor  of  the  aowann.— T&Jnuon. 

%  It  ha«  a  dIcaKreeable  taste  which  is  removed  b^  potash  water. 

§  Also  the  Colthitum  autumnale,  the  Jtnthemu  Pyrethrum,  and  the  Jingeliea 
Arthangelita, 

It  For  orach  and  various  informatioa  respectinir  the  foculas  and  the  connected  sub- 
jects, see  Ann.  de  Ch.  et  de  Ph.  Vote.  Y,  XXXT,  XXXIII,  XXXV  and  XL.  Abd. 
of  Phil.  Vol.  V,  p.  272,  XII,  p.  837.    Phil.  Mag.  Vol.  XLIX. 
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and  the  potatoe^  ^cfa,  without  other  aid,  are  sufficient  to  sustain 
life,  scarcely  contain  any  thing  nutritious  besides  fecula. 

In  the  state  of  gelatinous  solution,  fecula  is  used  for  pasting  and 
stiffening  Imen  and  other  kinds  of  cloth ;  and  it  enters  into  the  com- 
position of  some  pigments. — Murray. 

Sec  rV". — Gluten, 

A  vegetable  principle  analogous  to  animal  matter,  particularly  to 
gelatine^  whence  its  name  of  gluten. 

L  Prepabation. 

(a.)  The  usual  mode  is  to  2e^  a  slender  stream  of  cold  water  fall 
upon  a  tough  ductile  paste  of  wheat  flour ^  made  with  little  water  and 
much  kneading,*  and  sus^iined  in  the  hand  or  in  a  hempen  bag. 

(i.)  I  find  that'a  better  method  is  to  take  a  piece  of  dough,  one  or  two 
days  old,  work  it  carefully  in  the  bands  over  a  bowl  of  water,  moist- 
ening the  mass  by  dipping  it  slightly  and  frequently ;  diis  affords 
gluten  in  a  very  good  state,  and  much  better  than  with  a  stream  of 
water ;  the  farina  is  washed  out  and  the  gluten  becomes  more  tena- 
eious  the  more  it  b  washed  and  worked.f 

II.  Physical  properties. 

(a.)  A  soft,  tenacious  J  viscous  and  elastic  substance;  it  can  be 
stretched, {  and  pulled,  and  moulded  into  any  form ;  adhe^ve,  stick- 
ing to  the  fingers.^ 

(6.)  Texture  jArouSf  silky  and  pearly,  nearly  tasteless j  color  dirty 
gray  9  smdl  faint  and  peculiar;  when  dried  it  is  brittle;  semi-transpa- 
rent, and  resembles  glue ;  in  dim  pieces  looks  like  animal  membrane ; 
it  breaks  with  a  vitreous  fracture. 


*  Taking  care  not  to  to  drench  the  floor  at  first  with  too  mneh  water. 

t  The  quantity  of  gluten  obtained  from  wheat  flour  is  about  1-12  of  its  weight 
or,  if  the  water  be  taken  Into  account,  from  1-3  to  1-5 ;  Uie  farina  lies  sheath- 
ed in  the  fibres  of  the  ghiten  and  is  mechanieany  washed  out.  It  cannot  be 
easily  extracted  from  the  other  nutritive  grains,  although  it  is  contained  in  them 
or  most  of  them ;  if  kernels  of  wheat  are  gently  pressed  between  the  teeth  and 
tongoe,  the  gluten  is  soon  perceived  by  its  tenacity ;  there  are  traces  of  it  in  maize. 

t  it  may  he  stretched  to  twenty  times  its  original  length.  Its  peculiar  character 
Is  pleasingly  exhibited  by  holding  it  in  both  hands  and  then  sepaiating  them  grad- 
ually to  the  greatest  distance ;  the  gluten  will  stretch  out  into  a  fibrous  ductile 
rope,  which  may  be  wound  over  the  hands  by  pjsssing  them  quickly  around  each 
other,  and  then  it  may  be  extended  again,  and  so  on.  If  a  person  stand  as  nigh  to 
the  ceiling  of  the  room  as  possible,  and  hold  the  gluten  aloft,  it  wUl  run  down  to  the 
floor  in  ropes  and  threads,  althoufi^h  it  should  be  twenty  feet,  and  may  be  received  in 
any  convenient  vessel,  and  then  it  can  be  worked  over  again,  and  it  becomes  more 
plastic  by  beln^  wrought  in  the  hands ;  after  the  repose  oif  a  night  it  is  jaever  fit  for 
exhibition,  until  it  has  been  worked  over  again. 

§  And  for  this  reason  used  to  join  broken  crockery. 
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(c.)  lis  doBiieiiy  and  dvctHUy  are  aunw  to  waier^  whicfa,  wheo 
fresh,  it  imbibes  and  retains  with  considenuble  force ;  it  does  not  lose 
its  tenacity  in  the  mouth. 

III.  Chemical  properties. 

(a.)  In  a  warm  dry  atmosphere  it  loses  water  and  becomes  hard; 
in  a  moist  one  it  remains  soft  and  putrefies  with  an  animal  odor ;  am- 
monia is  formed.* 

{]b.\  Insolvhle^  or  but  slightly  soluble  in  water,\  but  if  boiled  in  It, 
loses  Its  adhesiveness,  elasticity  and  tenacity. 

(e.)  fVhen  long  immersed  in  water  it  putrefies;  carbonic  acid, 
ammonia,  and  hydrogen  are  evolved,  and  acetic  acid  b  formed.}; 

(d.)  Oluten  is  insoluble  in  cold  alcohol  and  in  ether ^  it  even  pre- 
cipitates the  little  which  water  has  taken  up. 

(e.)  The  gluten  mentioned  in  c,  by  trituration  with  atcoholi  fikrms 
a  thick  syrup,^  which  is  a  transparent  firm  elastic  varnish,  a  cement 
for  porcelain, II  and  a  basis  for  paints. 

{fA  Adds  act  variously  on  gluten. 

{g.)  Strong  acetic  acid  forms  a  muddy  solution^  and  the  gluten  is 
precipitated  by  alkalies ;  it  forms  a  varnish  or  cement. 

(A.)  By  strong  sulpliurie  acid  it  is  carbonized^  acetic  acid  and 
ammonia  are  produced  and  carburetted  hydrogen  gas  is  evolved. 

(t.)  Hot  nttric  acid  evolves  nitrogen  and  forms  oxalic  and  malic 
acids. 

Hot  muriatic  add  dissolves  tV,  like  the  acetic. 
[t  is  softened  by  chlorine,  and  changed  into  a  yellowish  fioc- 
culent  matter.ir 

(/.)  The  acetates  of  lead  and  nitrate  of  mercury  give  predpitates; 
the  remaining  liquid  assumes  a  pink  color. 

(m.)  Infusion  of  galls  gives  a  copious  precipitate. 

(n.)  Hot  alkalies  dissolve  gluten,  and  the  acids  precipitate  it. 

(o.)  It  is  affected  by  heat  like  animal  bodies;  when  suddenly  dried, 
it  swells  at  first ;  and  if  heated  in  the  air  it  shrinks  and  coils  like  a 


*  According  to  Proust,  the  products  of  sour  milk  called  caseic  acid  and  caseous 
oxide  are  also  formed,  (Ann.  de  Ch.  et  de  Ph.  Vol.  X.  p.  38.)  If  the  fecak  has  not 
all  been  washed  out,  it  produces  vinegar  which  converts  the  gluten  into  a  caseous 
matter,  and  by  the  addition  of  salt,  it  may  be  preserved  in  that  state.  When  thor- 
oughly dry  and  preserved  in  that  condition  it  undergoes  no  change. 

f  Water,  in  a  long  time,  talces  up  enough  to  precipitate  the  acetate  of  lead  and  mu- 
riate of  tin. — Bo$tock. 

\  Something  is  dissolved  in  the  water  which  separates  in  glutinous  flocculi  when 
it  is  heated.  Fourcroy  thought  from  this  that  gluten  was  soluble  in  water,  but  it  is 
more  probable  that  this  matter  is  some  modification  of  gluten. 

§  More  spirit  separates  a  part  of  the  gluten,  but  a  part  remains  dissolved ;  this  is 
precipitated  by  water. 

II  It  is  mixed  with  lime,  and  bits  of  linen  dipped  in  it,  adhere  firmly  to  other 
bodies. 

!r  Chlorine  precipitates  it  from  solution,  and  thus  becomes  a  test  of  its  presence. 
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soft  animal  substance  and  then  melts  and  burns,  with  the  odor  of 
burning  feathers  or  horn. 

(p.)  When  distiUedj  it  emiU  a  fetid  odor;  afibrds  carbonate  of 
ammonia,*  in  crystals  and  in  solution ;  also  viscid  oil,  iDflammable  gas 
and  charcoal,  difficult  to  ignite. 

(5.)  Composition.^ — OltUerij  obviously,  contains  carbon,  hydro- 
gen and  nitrogen,  and  a  little  phosphate  of  lime  ;|  it  approximates 
to  animal  matter.    Ether  does  not  act  on  gluten. 

(r.)  Gluten  appears  to  promote  fermentation;  yeast,  which  is  the 
dried  froth  of  fermenting  beer  and  of  all  fermenting  fruits,  has  been 
supposed  to  act  in  consequence  of  the  gluten  which  it  contains,  for, 
by  distiUation,  it  affi)rds  the  same  products  as  gluten;  water,  in  which 
gluten,  away  from  air,  has  been  macerated  for  some  time,  converts 
sugar  into  excellent  vinegar ;  there  is  no  effervescence.  JVetVAer 
the  composition  of  yeast  nor  its  mode  of  action  in  producing  fermen- 
tation is  knovm. 

rV.  Varieties. 

(a.)  RoueUe  found  gluten  in  the  leaves  of  all  the  vegetables  which 
he  examined,  and  Proust  has  confirmed  this  observauon. 

(i.)  Gluten  exists  in  acorns,  chesnuts,  horse  chesnuts,  rice,  barley, 
rye,  peas  and  beans,  and  in  apples  and  quinces ;  also  in  the  leaves 
of  caobage,  sedums,  cress,  hemlock,  borage,  safiBx)n ;  in  the  berries 
of  the  elder  and  grape ;  in  the  petals  of  the  rose ;  it  occurs  also  in 
several  roots ;  none  has  been  found  in  the  potatoe. 

(c.J  There  is  also  in  the  green  juice  which  is  obtained,  by  press- 
ure, from  succulent  plants,  a  fecula  which  subsides,  or  is  removed  by 
the  filter,  and  the  liquor  holds  in  solution  a  matter  which  is  of  the  na- 
ture of  gluten,  since  it  ferments  with  an  animal  odor  and  yields  am- 
moniacal  products. 

Remarks. — Gluten  is  a  very  important  vegetable  principle.  It  is 
admirably  adapted  to  animal  nutrition ;  hence,  the  superiority  of 
wheat  to  other  grains,  and  also  on  account  of  the  viscosity  which  it 


*  It  does  not  afibrd  acids,  like  vegetable  matter,  the  carbonic  acid  excepted. 

t  Supposed  new  principles  in  ghUen. — M.  Taddei,  of  Italy,  has  announced  two 
bodies,  sliadine  (y^ta,  gluten,)  and  zimome,  (Cvfuj,  a  ferment,)  but  Berzelius  has 
proved  (Ann.  de  Chim.  et  de  Phys.  Vol.  XXX  VH,  p.  215,)  that  fhe  gliadlne  is  a 
modified  gluten,  similar  to  that  extracted  fron)  rye,  barley  and  peas,  and  the  zim- 
ome is  albumen.  The  peculiar  gluten  is  soluble  in  boiling  a^ohol,  from  which  it 
is  obtained  by  dilution  and  distillation;  it  remains  in  the  retort;  the  albumen  rests 
undissolved  in  the  alcohol.  Guiacum  is  a  test  to  discover  when  flour  contains  the 
proper  proportion  of  albumen  or  gluten ;  it  is  kneaded  with  the  flour,  and  if  it  is  good  it 
produces  a  beautiful  blue  color,  wnich  is  intense  if  the  albumen  (the  so  called  zimome,) 
nas  been  obtained  and  used  pure.  It  does  not  take  place  with  starch,  nor  if  the  air 
is  excluded.  I  do  not  introduce  these  new  names  into  the  text,  as  they  may  serve 
only  to  distract  the  learner. 

t  The  vapor  which  gluten  emits,  while  fermenting,  blackens  silver,  and  therefore 
it  is  inferred  that  it  contains  sulphur ;  in  this,  and  in  similar  cases,  it  is  doubtless  de* 
rived  from  the  decompoeition  of  the  soluble  sulphates,  accidentally  present. 
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imptrts  to  the  dough ;  during  ihe  fermeotatioQ  this  eiHan^  die 
carbonic  acid  gas,*  and  thus  causes  a  well  baked  wheat  loaf  to  be 
light,  to  a  degree  not  found  in  aoj  other  flour.  In  oats,  barlejTf  rye 
and  rice  there  is  little  or  no  gluten,  as  is  the  case  with  the  nutritm 
roots  also,  and  hence,  although  they  may  form  a  paste  or  a  puddbg, 
they  cannot,  alone,  form  bread.  ^Potatoes  are  irequeotly  added  to 
wheat  flour,  and  a  good  bread  is  the  result ;  the  potatoe  contains  fa- 
rina, and  the  flour  gluten,  which  {kwon  the  rising.  When  bread  is 
over  raised,  acetic  acid  is  generated,  but  it  is  easU^  neutralised  by  a 
solution  of  pearlash,  or  by  some  other  alkaline  substance,  and  the  car- 
bonic acid  evolved  renders  the  bread  siill  lighter ;  if  the  sourness  is 
discovered  belbre  the  baking,  it  can  always  be  in  this  manner  removed* 
The  wheat  of  warm  climates  contains  in  general  the  most  ghitfin, 
and  that  of  this  country  more  than  that  of  Englaod-f  Sir  H.  Davy 
hu  given  the  follovring  facts. 

Feeula.       Gluteik 
1 00  parts  best  wheat  sown  m  Autumn  gave    77  19 

100    "  «  Spring,  70  24 

100    «  Barbary,  74  23 

100    <'  Sicilian,  75  21 

100    **  Norfolk  barley,  79  6 

100    <<  Suffolk  rye,  61  5 

Mr.  Henry  of  Paris  found  only  lOj^  per  cenL  of  gluten  in  die 
wheat  of  France  for  1827  and  28.| 

Sir  H.  Davy  remarks  that  the  predominance  of  gluten  in  the 
wheat  of  the  south  of  Europe,  fits  it  peculiarly  ibr  making  macaro- 
ri  and  other  gludnous  preparations.  It  is  fh)m  the  admirable  blen- 
ding of  farina  and  gluten  m  wheat  flour,  that  it  is  so  well  adapted  to 
the  formation  of  bread ;  it  contains  also  albumen,  sugar  and  mupilage. 
It  is  curious,  that  considerable  alcohol  is  produced  during  the  pa- 
nary  fermentation ;  but  we  may  presume  that  it  is  expeDea  by  the 
baking.  The  gases  exhaled  from  fermenting  or  recendy  baked 
bread  are  noxious,  and  asphyxia  has  been  produced  by  them. 

Sec.  V. — Sugar. 

A  very  important  product  extensively  difl!used,  and,  m  the  nxist 
general  sense,  called  the  saccharine  principle.^ 

Sugar,  besides  the  sweet  taste,  undergoes  the  vinous  ferroentadon 
by  the  aid  of  yeast.     There  are  three  principal  kinds. 

*  Hydrogen  m  is  also  found  in  leaven.        t  Agric.  Chem.  Am.  Edit  181S,  p.  ISS. 

X  Ann  de  Ch.  etde  Ph.  Vol.  XL,  p.  223. 

§  Dr.  Front,  (Phil.  Trans.  1827,)  has  extended  this  term  so  as  to  Include  all  the 
alimentary  vegetable  substances,  because  they  are  alike  in  containing  oxygen  and 
hydrogen  in  the  proportions  to  form  water;  this  is,  I  conceive,  an  unfortunate  de- 
parture from  the  established  use  of  language,  and  tends  to  produce  onnecefwary 
confusioD. 
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1  •  That  irom  the  cane,  beet  and  maple,  forms  distinct  crystals. 

2.  When  detained  from  the  grape,  from  honey,  from  starch  and 
ligneous  fibre,  and  from  the  efflorescence  on  dried  fruits,  it  does  not 
crystallize  but  only  grains. 

3.  If  from  mushrooms,  it  crystallizes  promptly  from  the  alcoholic 
solution,  in  delicate  needles. 

I.  Physical  and  Chemical  Pboperties. 

(a.)  When  pure^'iugar  it  afirm^  white  subsianeoj  inodonmsy  and 
perfectly  sioeety^  very  permanent,  but  becoming  moist  in  a  damp  air; 
sp.  gr.  of  loaf  sugar  b  1.6  to  1.65.f 

(6.)  It  is  uswMy  seen  in  brilliant  grains^  more  or  less  crystalline,} 
and  in  sti^ar  candy^  distinctly  erystMized;  the  crystal  is  a  prism  ^ 
A  or  &  sidesy  beveled  at  each  extremity,  or  acuminated  by  three 
planes ;  most  usuaUy  an  oblique  four  sided  prism  with  dihedral  sum- 
mits.^   The  crystals  are  translucent ;  sometimes  afanost  transparent. 

(c.)  To  form  the  crystals j  the  syrup  is  clarified  and  concentraiedy 
but  not  to  a  degree  proper  to  form  loaf  sugar;  the  syrup  is  poured 
into  boxes  containing  light  frames  with  thread  stretched  from  side 
to  side ;  the  boxes  are  placed^  for  some  time,  in  the  drying  stove^  and 
on  withdrawing  the  frames,  the  threads  are  found  beautifully  studded 
with  crystals  whose  ||  fracture  is  vitreous. 

{d.)  Sugar  is  phosphorescent  in  the  dark  by  the  friction  or  percuss- 
ion of  firm  masses.   ' 

(fi.)  Soluble  in  1  or  2  parts  of  ivater  at  5QP;  in  less  above  diat 
degree,  and  indefinitely  at  212^. 

(/.)  jTie  aqueous  solution  of  sugar  is  called  syrup;  it  is  thick  and 
viscid ;  if  pure  it  can  be  kept  any  length  of  time,  but  if  mixed  with 
mucilage,  farina,  be.  it  runs  into  the  vinous  fermentation. 

{g.)  Soluble  in  alcohol;  in  4  parts  if  boiling,  and,  on  cooling, 
elegant  crystals  are  deposited  ;  weak  alcohol  disserves  more  than 
strong,  the  highest  scarcely  dissolves  any. 

The  strong  adds  decompose  sugar. 

(A.)  The  sulphuric  evolves  eharcoalt  forms  water  and  probaUj 
acetic  acid  ;ir  if  aided  by  heat,  sulphurous  add  gas  is  evolved. 


*  Sweet — ^Uke  the  termn  acid,  alkaline,  &e.  referring  to  sensation,  scarcely  admits 
-  of  definition  except  negatively ;  we  can  say  that  it  is  contrasted  with  sour ;  that  it  is 
onlike  alkaline,  metallic,  astringent,  &c.  Sec;  we  may  class  it  however  among  the 
tastes  that  are  most  agreeable. 

t  1.40  Hasseofratz ;  1.66  Thomson. 

i  It  often  retains  a  portion  of  oily,  mucilaginous,  or  extractive  natter. 

§  Sugar  candy  is  formed  by  slow  crystallization,  while  in  loaf  and  lump  sugar  the 
regularity  of  this  process  is  purposely  disturbed  by  agitation ;  the  presence  of  veget- 
able acid  retards  Uie  crystallization. 

II  The  brown  crystals  are  as  perfect  in  their  form  as  the  white,  although  they  are 
more  clammy,  and  apt  to  become  moist,  while  -the  white  candy  remains  dry. 

If  Or  other  vegetable  acid  or  acids.  '    . 

VoL.n.  63  • 
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(f.)  The  nUrk  aetd  %8  deconqM>$ed  by  sugitr  ani  abo  decamp 
in  turn;  gases  are  copiously  evolved  and  oxalic  and  malic  acids  form- 
ed, but  never  the  mucous  acid. 

(j\)  Ajueoui  sohaion  of  chlorine  dis$olve$  potodered  wgary  and 
forms  malic  and  muriatic  acids. 

{k.)  SoltUiom  of  fixed  alkaliesy  combine  with  svgar  ;  the  alkaline 
properties  are  little  altered,  while  the  sweet  taste  b  nearly  destroyed ; 
fnit  on  neutralizing  the  alkali  by  sulphuric  acid,  abd  precipitating  the 
sulphate  by  afeobol,  the  sweetness  is  completely  restored,  as  the  al* 
cohol  now  suspends  the  sugar  in  solution. 

JL)  Alkaline  earth  act  on  sugar  as  alkalicM  do  ;  after  lime  is  boiled 
1  sugar,  it  has  a  bitter  astringent  taste  mixed  with  sweet ;  lime, 
barjrta  and  strontia  are  rendered  much  more  soluble,  and  the  sul- 
phuric acid  separates  them,  and  restores  the  sweet  taste. 

(mA  An  aqueous  solution  of  sugar,  boiled  with  muriate  of  gold  or 
witn  tne  nitrate  of  mercury  or  silver,  or  with  sulphate  or  acetate  of 
copper  decomposes  them,  and  either  evolves  the  metal,  or  causes  the 
oxide  to  lose  oxygen  :  it  forms  with  oxide  of  lead,  a  compound,  at 
first  soluble  and  then  a  precipitate  which  is  insoluble;*  it  is  composed 
of  sugar,  •  ^  .  .  41.74 
protoxide  of  lead,        -        -  68.26 

100. 
Sub  acetate  of  lead  does  not  precipitate  sugar  from  its  solution,  but  it 
does  precipitate  other  vegetable  principles;  it  afibrds  therefore  a  good 
means  of  discrimination. 

(n.)  Sugar  mdti  at  a  heat  considerably  above  that  of  boiling  water 
and  forms  a  blood-red  viscid  fluid;  it  takes  fire  by  a  flame,  and  bums 
with  a  red  light,  and  a  suffocating  odor. 

(o.)  By  destructive  distUlatum^  it  affords  acetic  and  pyro-mncous 
acta  and  empyreumatic  oU,  carburetted  hydrogen  and  carbonic  acid 
gases,  and  charcoal  remain ;  1  oz.  of  sugar,  decomposed  by  heat,  gave 
acid  with  a  litUe  empyreumatic  oil,  4  dr.  30  gr. ;  charcoal,  2  dr. ;  car- 
buretted hydrogen  gas  119  oz.  measures;  carbonic  acid,  41  oz. 
measures. 

II.  Composition. 

(ff.)  Sugar  appears  to  be  a  very  pure  oxide  of  carbon  and  hydro- 
gen  ;  affording  neither  nitrogen,  ammonia  nor  lime. 


*  Dr.  Prout  obtained  UiDbeauUful  crystals. 
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ResuUi  rf  fforiaut  analyses. 


I 

AvoUer 

'.  Ci«y-Lua«M. 

Berzelins. 

Prout. 

Ure. 

Crura. 

Carbon, 

28 

42.47 

44.200 

42.85 

41.8 

43.38 

Oxygen, 

64 

50.63 

49.015 

60.80 

51.7 

50.33 

Hydrogen, 

8 

6.90 

6.785 

6.35 

6.5 

6.29 

100       100.  100.  100.         100.        100. 

(6.)  The  oxygen  and  hydrogen  are  in  the  proportions  to  form  toi- 
ler.— Dr.  Prout  regards  sugar  as  a  compound  of  carbon  and  water, 
and  he  takes  tlie  same  view  of  the  other  compounds  that  have  a  similar 
constitution:  but  as  we  know  not  of  any  case  in  which  a  mere  com** 
bination  with  water  produces  such  important  results ;  as  we  know  noC 
that  carbon  will  combine  with  water  at  all,  and  as  the  supposition  of  a 
ternary  compound  of  oxygen,  carbon,  and  hydrogen  corresponds 
much  better  with  the  general. analogy  of  vegetable  constitution,  the 
latter  view  seems  more  philosophical  and  therefore  preferable. 

Remark. 

Phosphuret  of  lime,  the  alkaline  hydro-sulphurets  and  sulphurets 
and  other  substances,  which  attract  oxygen,  bring  sugar  towards  the 
condition  of  mucilage. 

Dr.  Prout,  in  his  elaborate  memoir,f  has  shewn  that  the  sugar 
of  commerce  varies  in  its  constitution.  Besides  sugar  candy,  and 
several  varieties  of  die  cane  sugars,  he  exambed  that  of  the  beet,  ma- 
ple, honey,  starch,  he.;  the  highest  proportion  of  carbon  found  by 
him  was  42.85,  and  the  lowest  '36,  oeing  that  contained  m  raisia 
sugar ;  the  highest  amount  of  the  elements  of  water,  (taking  them 
in  combination)  was  64  and  the  lowest  57.5 ;  the  sugar  of  the  cane 
and  of  the  beet  and  maple,  contams  more  carbon  &aii  any  other. 
The  results  of  analysis,  as  yet,  scarcely  afford  a  sure  conclusion  as 
to  the  equivalents  of  the  elements  of  sugar ;  but,  taking  the  purest 
sugar-candy  as  the  standard,  we  have  a  near  approximatwn  to  the 
IbUowmg  numbers. 

Carbon,     Gequiv.     -        -        - 
Oxygen,     5         -        -        - 
Hydrogen,  5  -        -        - 

the  equiv.  of  sugar  81       100. 
and  a  similar  conclusion  is  obtained  from  the  compound  of  sugar  with 
oxide  of  lead.     Sugar  dried  at  212^  F.  is  a  hydrate  with  1  equiv. 
sugar  +  1  water. — h. 


t  PbU.  TraoB.  1827. 


per.  oaoL 

36 

44.44 

40 

49.38 

5 

6.18 
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I  m.   HiSTORT. 

I  Manufactured  in  Chiua  and  India,  before  it  was  known  in  Europe ; 

Alexander  of  Macedon  is  supposed  to  have  brought  the  knowledge 
of  it  from  the  East ;  and  for  a  long  time  after,  it  was  used  only  as  a 
I  medicine.     During  the  crusades,  tlie  Venetians  imported  it  m  larger 

I  quantities,  but  it  did  not  become  extensively  an  article  of  food,  until 

!  after  the  West  Indies  were  peopled  by  Europeans ;  it  was  formerly 

I  raised  b  the  Southern  parts  of  Europe. — Thomson. 

I  IV.  Sources,  Varieties*  and  Modes  or  Preparation. 

1.  Sugar  of  THE  CANE.f 

(a.)  At  a  particular  season,  the  juice  of  the  tugar  cant^  is  Uttk 
d$e  than  iymp;  to  obtain  it,  the  cane  is  cut  short,  tied  in  bundles 
and  ground  in  a  miUf  consisting  of  three  upright  rollers  or  ctfUnden 
of  iron  thirty  or  forty  inches  long  and  twenty  pr  twenQr  five  in  diam- 
eter ;  the  moving  power  is  applied  to  the  middle  cylinder,  which,  by 
means  of  cogs,  turns  the  others. 

(6.)  The  cane  is  made  to  pass  tvnce  bettoeen  these  cylinders^  and 
is  squeezed  dry;  the  macerated  rind  is  called  cane  trash ;  the  juice 
is  received  below  in  a  leaden  hedy  and  thence  conveyed  into  the  dari- 
fifing  vessels. 

(c.)  This  must  be  done  immediately,  for,  if  the  juice  stands,  in 
considerable  quantities,  only  twenty  minutes,  it  begins  to  ferment. 

(d.)  Beneath  the  boilers  or  darifierSf  which  are  large  copper  panSt 
a^e  is  kindledj  by  means  of  the  cane  trash ;  limey  in  the  propordoa 
of  from  half  a  pint  to  a  pint  to  every  100  gallons  of  liquor,  is  added 
to  neutralize  vegetable  acidsy  particularly  the  oxalic,  and  to  remove 
extractive  and  other  principles,  as  they  would  prevent  the  sugar 
from  crystallinng.{ 

{e.y  A  thick  scmn  rises  as  the  liquor  heats,  and  that  it  may  not 
break,  the  temperature  is  maintained  below  boiling;  after  about 
forty  minutes,  the  liquor  is  allowed  to  stand  one  hour,  to  become 
clear,  and  is  then  drawn  off  by  means  of  a  syphon  or  cock. 

(/.)  It  is  now  passed  into  the  grand  evaporating  basin  or  eoppeft 
where  it  is  made  to  boil  as  quickly  as  possible,  and  the  scum  is  re- 
moved as  it  forms. 

{g.)  This  operation  is  twice  more  repeated  by  running  it,  in  suc- 
cession, into  two  other  coppers — into  the  smaller  6ne  last,  with  the 
addition  of  lime  water,  if  the  fluid  continues  foul. 


*  For  full  ftQcouDtfl  of  the  manofacture  of  suji^r,  see  Edwards'  History  of  the 
West  iDdies,  and  Aikins',  and  Nicholson's  and  Ure's  Diet 

t  The  cane  is  richer  in  sugar  than  any  other  vegetable. 

^  If  too  much  lime  is  used,  it  adheres  to  the  raW  sugar  and  makes  it  damm;; 
(Ann.  de  Chim.  et  de  Phys.  Vol.  X,  p.  219;)  alum  also  is  added. 
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(A.)  The  last  evaporating  vessel  is  called  a  teache^  and,  in  this,  the 
evaporation  is  carried  so  far  that  the  liquor  becomes  thick  and  tena- 
cious, and  the  sugar  grains  or  crystallizes  as  it  grows  cold;  to  effect 
this  first  imperfect  crystallization,  the  liquor  is  run  into  shallow  wooden 
vessels,  called  coolers,  where  it  forms  a  crude  mass  of  imperfect 
crystals  mixed  with  the  treacle  or  mcJasses. 

(f.)  To  s^arate  this,  the  sugar  is  drained  in  hogsheads,  standing 
on  frame  work  and  perforated  in  the  lower  head  with  a  number  of 
holes,  partially  obstructed  by  stalks  of  the  \ovk%  plantain  leaf,  which, 
being  porous,  permits  the  molasses  to  filter  through. 

(/.)  In  abimt  three  weeks  the  sugar  is  tolerably  dry  and  fair,  and 
is  thm  fit  for  exportation,  as  raw  or  muscovado  sugar,  which  is  sugar 
still  brown  from  admixture  with  a  portion  of  molasses;  a  gallon  of 
juice  affi>rds  a  pound  of  raw  sugar.  The  molasses  sometimes  de- 
posits large  and  distinct  crystals  in  the  casks,  and  a  similar  fact 
is  observed  in  family  use;  molasses  is  a  solution  of  real  sugar, 
with  various  saline,  acid,  mucilaginous  and  other  vegetable  prin- 
ciples. 

2.  Claying  or  Suoab. 

(a.)  In  general,  sugar  undergoes  no  farther  refining  m  the  West 
Indies ; 

(b.)  But  in  the  French  islands,  they  take  the  sugar  from  the  cooler 
before  it  is  drained  of  the  molasses,  and  pour  it  into  conical  earthen 
pots,  perforated  at  the  apex,  which  is  placed  lowest,  resUng  in  an- 
other pot. 

(c.)  This  hole  is  stopped  with  a  plug,  till  the  sugar  has  congealed, 
when  it  is  withdrawn  and  the  molasses  cdlowed  to  drop  out, 

(d.)  To  purify  it  still  more,  clay,  mixed  unth  water,  to  the  con- 
sistence of  cream j  is  poured  on  the  sugar,  and.  the  water  fix>m 
the  clay,  oozing  through,  washes  out  the  remaining  molasses. 

(e.)  The  claying  is  repeated  two  jr  three  times,  and  for  economy 
they  use  a  solution  of  syrup  instead  jf  water ;  tlie  pots  remam  twen^ 
days  in  this  situation,  when  the  sugar  is  taken  out,  dried  in  the  sun, 
for  some  hours,  and  then,  for  three  weeks,  in  a  room  heated  by  a 
stove,* 

3.  Refining  or  Sugar. 

(a.)  The  claying  of  sugar  is  a  mode  of  refining  it,  but  there  is  a 
more  perfect  process  which  frequendy  embraces  this  also. 


*  It  is  said  that  the  first  tiint for  claying  sugars  was  derived  from  accident.  "A 
hen,  having  her  feet  dirty,  going  over  a  pot  o?  sugar,  it  was  found  under  her  feet  to 
be  whiter  than  elsewhere." — Sloane,  in  Nichulson's  Dictionary. 
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SALOP. 


[a.)  Said  to  he  derived  from  the  prepared  roots  of  different  species 
of  Orchis  as  MoriOj  mascida^  bifoltajpyramidalis. 

(6.)  Process. — ^Tbe  bulbous  roots  being  deprived  of  their  cuticle 
and  baked  for  10  or  12  minutes,  .become  semi-transparent  and  are 
then  fully  dried  in  a  moderate  heat.*    This  fecula  is  used  for  food. 

Cassava. 

(a.)  Prq^aredfrom  the  roots  of  the  Jatropha  manihot^  the  manioc. 
b.)  Process. — ^The  roots  being  peeled  and  pressed  in  a  bag  made 
of  rushes,  a  juice  exudes  with  which  the  natives  poison  their  arrows. 

fc.)  Thefecidaj  after  suitable  washing,  is  innocent, 
d.)  While  still  in  the  bag  it  is  dried  in  smoke,  and  then  passed 
tbroueh  a  sieve. 

(e.)  Of  this  substance  the  cassava  bread  is  made ;  cassava  is  said 
to  have  a  calming  effect.  Tapioca  is  only  the  finest  deposit  of  the 
cassava. 

Abrow  root  powder  is  the  product  of  the  Maranta  arun- 
dinacea  or  Maranta  indica.  The  roots  are 'washed  clean,  beaten 
to  a  pulp,  worked  by  hand,  the  fibrous  part  rejected,  the  milky 
liquor  strained,  and  the  sedjment  washed  and  dried  in  the  sun.— h. 

Composition. 

SowANs.f^'Prepared  in  Scotland  from  the  flour  of  oats  by  a 
process  similar  to  that  used  for  common  starch. 

The  Lichens  contain  much  fecula;  the  Lichen  Icelandicus  is  very 
nutritious ;  when  pulverized,  it  afibrds  fecula  nearly  pure,  it  gives 
however  a  brown  and  not  a  blue  with  iodine.| 

The  boot  or  elecampane^  (Inula  JEfefemt/m)  o^oris  a  substance 
which  has  been  called  inulin  but  appears  to  be  only  a  variety  of 
fecula.  It  does  not  strike  a  blue  with  lodbe,  and  is  more  soluble  in 
both  hot  and  cold  water  than  starch. 

It  is  deposited  from  a  decoction  of  the  root  after  it  has  stood  some 
hours.' 

AemarAr.lj — There  is  no  vegetable  matter  so  well  adapted  to  the 
support  of  life  as  fecula,  and  it  forms  the  principal  part  of  all  the 
seeds  and  roots  which  are  used  as  articles  of  food  by  man.     Rice 


•  Th^ommn. 

t  Hon  swmllow  greedily  and  thrive  on  the  starch- maker's  sour  water,  and  the 
Uqnor  of  the  sowann. — TTionuan. 

t  It  has  a  disaicreeahle  taste  which  is  removed  by  potash  water. 

§  Also  the  Cfolehieum  autwnnale,  the  JlntKemi$  Pyrethrum,  and  the  Jlngeliea 
ArthangtHiea. 

I  For  mii«h  and  various  informatkHi  respecting  the  fcculas  and  the  connected  sub- 
ject8,see  Ann.  de  Ch.  et  de  Ph.  Vols.  V,  XXXI,  XXXIII,  XXXV  and  XL.  Ann. 
of  Phil.  Vol.  V,  p.  272,  XII,  p.  837.     Phil.  Mag.  Vol.  XLIX. 
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and  the  potatoe,  which,  ipritbout  other  aid,  are  suiGcient  to  sustain 
Hfe,  scarcely  contain  any  thing  nutritious  besides  fecula. 

In  the  state  of  gelatinous  solution,  fecula  is  used  for  pasting  and 
stiffening  linen  and  other  kinds  of  cloth ;  and  it  enters  into  the  com- 
position of  some  pigments. — Murray. 

Sec.  IV. — Gluten. 

A  vegetable  principle  analogous  to  aninud  matter,  particularly  to 
gelatine^  whence  its  name  of  gluten. 

I.  Preparation. 

(a.)  The  usual  mode  is  to  let  Si  slender  stream  of  cold  water  fcM 
upon  a  tough  ductile  paste  of  wheat  fiour^  made  with  litde  water  and 
much  kneading,*  and  sustained  in  the  hand  or  in  a  hempen  bag. 

(&.)  I  find  that  a  better  method  is  to  take  a  piece  of  dough,  one  or  two 
dap  old,  work  it  carefully  in  the  hands  over  a  bowl  of  water,  moist- 
enmg  the  mass  by  clipping  it  slighdy  and  frequendy ;  this  affords 
gluten  in  a  very  good  state,  and  much  better  than  with  a  stream  of 
water ;  the  farina  is  washed  out  and  the  gluten  becomes  more  tena- 
cious the  more  it  is  washed  and  worked.f 

II.  Physical  properties. 

{a.\  Asofif  tenacums^  viscous  and  eleutic  substance;  it  can  be 
stretcned,!  and  pulled,  and  moulded  into  any  form ;  adhesive,  stick- 
ing to  the  fingers.^ 

(6.)  Texture  jutrouSi  siUcy  and  pearly,  nearly  tasteless^  color  dirty 
gray,  smeU  faint  and  peculiar;  when  dried  it  is  britde;  semi-transpa- 
rent, and  resembles  glue ;  in  thin  pieces  looks  like  animal  membrane; 
it  breaks  with  a  vitreous  fracture. 


*  Ttking  eare  not  to  to  drench  the  flour  at  first  with  too  much  water. 

t  The  quantity  of  gluten  obtained  from  wheat  flour  is  about  1-12  of  its  weight 
or,  if  the  water  be  taken  into  account,  from  1-8  to  1-5 ;  the  farina  lies  sheath- 
ed in  the  fibres  of  the  ghiten  and  is  mechaoicany  washed  out.  It  cannot  be 
easily  extracted  from  the  other  nutritive  grains,  although  it  is  contained  in  them 
or  most  of  them ;  if  kernels  of  wheat  are  gently  pressed  between  tibe  teeth  and 
tongue,  the  gluten  is  soon  perceived  by  its  tenacity ;  there  are  traces  of  it  in  maize. 

t  It  may  he  stretched  to  twenty  times  its  original  length.  Its  peculiar  character 
is  pleasingly  eihiblled  by  holding  it  in  both  hands  and  Uien  separating  them  grad- 
ually to  the  greatest  distance ;  the  gluten  will  stretch  out  into  a  fibrous  ductile 
pope,  which  may  be  wound  over  the  hands  by  passing  them  quickly  around  each 
other,  and  then  it  may  be  extended  again,  and  so  on.  If  a  person  stand  as  nigh  to 
the  ceiling  of  the  room  as  possible,  and  hold  the  gluten  aloft,  it  will  run  down  to  the 
floor  in  ropes  and  threads,  although  it  should  be  twenty  feet,  and  may  be  received  in 
any  convenient  vessel,  and  then  it  can  be  worked  over  again,  and  it  becomes  more 
plastic  by  being  wrought  in  the  hands ;  after  the  repose  of  a  night  it  is  /tever  fit  for 
exhibition,  until  it  has  been  worked  over  again. 

§  And  for  this  reason  used  to  join  broken  crockery. 
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(e.)  Its  dastieiiy  and  dwtiUiy  are  awiw  to  water^  which,  when 
fresh,  it  imbihes  and  retains  with  considerable  force ;  it  does  not  lose 
its  tenacity  in  the  mouth. 

III.  Chemical  properties. 

(a.)  In  a  warm  dry  atmosphere  it  loses  water  and  becomes  hard; 
in  a  moist  one  it  remains  soft  and  putrefies  with  an  animal  odor ;  am- 
monia is  formed.* 

(6.)  Insoluble^  or  but  slightly  soluble  in  water^j^  but  if  boiled  m  it, 
loses  its  adhesiveness,  elasticity  and  tenacity. 

(c.)  fVhen  long  immersed  in  water  it  putrefies;  carbonic  acid, 
ammonia,  and  hydrogen  are  evolved,  and  acetic  acid  is  formed.} 

(d.)  Oluten  is  insoluble  in  cold  alcohol  and  in  ether ^  it  even  pre- 
cipitates the  little  which  water  has  taken  up. 

(e.)  The  gluten  mentioned  in  e,  by  trituration  with  alcohol,  forms 
a  thick  syrup,^  which  is  a  transparent  firm  elastic  varnish,  a  cement 
for  porcelain,||  and  a  basis  for  paints. 

(/.)  Acids  act  variously  on  gluten. 

(^.)  Strong  acetic  acid  forms  a  muddy  solution^  and  the  gluten  is 
precipitated  by  alkalies ;  it  forms  a  varnish  or  cement. 

(A.)  By  strong  sulphuric  add  it  is  carbonized^  acetic  acid  and 
ammonia  are  produced  and  carbuFetted  hydrogen  gas  is  evolved. 

(i.)  Hot  nitric  acid  evolves  nitrogen  and  forms  oxalic  and  malic 
acids. 

Hot  muriatic  acid  dissolves  ii^  like  the  acetic. 
It  is  softened  by  chlorine^  and  changed  into  a  yellowish  floc- 
culent  matter.ir 

(L)  The  acetates  of  lead  and  nitrate  of  mercury  give  predpitaies; 
the  remaining  liquid  assumes  a  pink  color. 

(m.)  Infusion  of  galls  gives  a  copious  precipitate. 

(nA  Hot  alkalies  dissolve  gluten^  and  the  acids  precipitate  it. 

(o.)  It  is  affected  by  heat  like  animal  bodies;  when  suddenly  dried, 
it  swells  at  first ;  and  if  heated  in  the  air  it  shrinks  and  coils  like  a 


*  According  to  Proust,  the  products  of  sour  milk  called  caseic  acid  and  caseous 
oxide  are  also  formed,  (Ano.  de  Ch.  et  de  Ph.  Vol.  X.  p.  88.)  If  tlie  fecula  has  not 
.all  been  washed  out,  it  produces  vinegar  which  converts  the  gluten  into  a  caseous 
matter,  and  by  the  addition  of  salt,  it  may  be  preeerved  in  that  state.  When  thor- 
oughly dry  and  preserved  in  that  condition  it  undergoes  no  change. 

f  Water,  In  a  long  time,  takes  up  enough  to  precipitate  the  acetate  of  lead  and  mu- 
riate of  ^n.^Bo$tock. 

^  Something  is  dissolved  in  the  water  which  separates  in  glutinous  flocculi  when 
it  is  heated.  Foureroy  thought  from  this  that  gluten  was  soluble  in  water,  but  it  is 
more  probable  that  this  matter  is  some  modification  of  gluten. 

§  More  spirit  separates  a  part  of  the  gluten,  but  a  part  remains  dissolved ;  this  Is 
precipitated  by  water. 

Jit  is  mixed  with  lime,  and  bits  of  linen  dipped  in  it,  adhere  firmly  to  other 
icfl. 
IT  Chlorine  precipitates  it  Irom  solution,  and  thus  becomes  a  test  of  its  presence. 
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soft  animal  substance  and  then  melts  and  burns,  with  the  odor  of 
burning  feathers  or  horn. 

(p.)  When  distilled^  it  emits  a  fetid  odor;  alBbrds  carbonate  of 
ammonia,*  in  crystals  and  in  solution ;  also  viscid  oil,  inflammable  gas 
and  charcoal,  difficult  to  ignite. 

(5.)  C<mpositum.\ — Gluten^  obviously,  contains  carbon,  hydro- 
gen and  nitrogen,  and  a  little  phosphate  of  lime  ^  it  approximates 
to  animal  maiter.    Ether  does  not  act  on  gluten. 

(r.)  Gluten  appears  to  promote  fermentation;  yeast,  which  is  the 
dried  froth  of  fermenting  beer  and  of  all  fermenting  fruits,  has  been 
supposed  to  act  in  consequence  of  the  gluten  which  it  contains,  for, 
by  distillation,  it  affords  the  same  products  as  gluten;  water,  in  which 
gluten,  away  from  air,  has  been  macerated  lor  some  time,  converts 
sugar  into  excellent  vinegar ;  there  is  no  effervescence.  Neither 
the  composition  of  yeast  nor  its  mode  of  action  in  producing  fermen- 
tation 19  knoum. 

IV.  Vabieties. 

(a.)  Rouelle  found  gluten  in  the  leaves  of  all  the  vegetables  which 
he  examined,  and  Proust  has  confirmed  this  observation. 

(&.)  Gluten  exists  in  acorns,  chesnuts,  horse  chesnuts,  rice,  barley, 
rye,  peas  and  beans,  and  in  apples  and  quinces ;  also  in  the  leaves 
of  cabbage,  sedums,  cress,  hemlock,  borage,  saffiron ;  in  the  berries 
of  the  elder  and  grape ;  in  the  petals  of  the  rose ;  it  occurs  also  in 
several  roots ;  none  has  been  found  in  the  potatoe. 

(c.J  There  is  also  in  the  green  juice  which  is  obtained,  by  press- 
ure, from  succulent  plants,  a  fecula  which  subsides,  or  is  removed  by 
the  filter,  and  the  liquor  holds  in  solution  a  matter  which  is  of  the  na- 
ture of  gluten,  since  it  ferments  with  an  animal  odor  and  yields  am- 
moniacal  products. 

Remarks. — Gluten  is  a  very  important  vegetable  principle.  It  is 
admirably  adapted  to  animal  nutrition ;  hence,  the  superiority  of 
wheat  to  other  grains,  and  also  on  account  of  the  viscosity  which  it 


*  It  does  not  affi>rd  acids,  like  vegetable  matter,  the  carbonic  acid  excepted. 

i  Supposed  new  principles  in  ghUen.-^M.  Taddei,  of  Italy,  has  aoDounced  two 
bodies,  gliadine  (yXia,  gluten,)  and  zimome,  (^v/i?;,  a  ferment,)  but  Berzelius  has 
proved  (Ann.  de  Chim.  et  de  Phys.  Vol.  XXXVIt,  p.  216,)  that  the  gliadine  is  a 
modified  gluten,  similar  to  that  extracted  fron)  rye,  barley  and  peas,  and  the  zim- 
ome is  albumen.  The  peculiar  gluten  'm  soluble  in  boiling  al9ohol,  from  which  it 
is  obtained  by  dilution  and  distillation;  it  remains  in  the  retort;  the  albumen  rests 
undissolved  in  the  alcohol.  Guiacum  is  a  test  to  discover  when  flour  contains  the 
proper  proportion  of  albumen  or  gluten ;  it  is  kneaded  with  the  flour,  and  if  it  is  good  it 
produces  a  beautiful  blue  color,  wnich  is  intense  if  (he  albumen  (the  so  called  zimome,) 
nas  been  obtained  and  used  pure.  It  does  not  take  place  with  starch,  nor  if  the  air 
is  excluded.  I  do  not  introduce  these  new  names  into  the  text,  as  they  may  serve 
only  to  distract  the  learner. 

t  The  vapor  which  gluten  emits,  while  fermenting,  blackens  silver,  and  therefore 
it  is  inferred  that  it  contains  sulphur ;  in  this,  and  in  similar  cases,  it  is  doubUess  de- 
rived from  the  decomposition  of  th«  soluble  sulphates,  acddentally  present 
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(g.)  Bums  like  anrnd  maiier^  and  iettruetioe  dutUUdon  gwa 
an  animal  frodudf  carbonate  of  ammooiaf  besides  carbooie  acid  and 
carburettea  hydrogen  gases ;  a  Kght  charcoal  remamS)  difficult  to 
bum,  and  its  ashes  conuin  lime  and  its  phosphate.  ^ 

(A.)  J>l%tric  add  produeei  much  pruu%e  and  oxalic  aadij  and  car- 
bonic acid  and  nitrogen  are  evolved. 

S.)  Aqtuoui  solution  puirefieSf  like  animal  matter.* 
.)  This  vegetable  principle  is  therrfore  assimilated  to  animd 
albumen^  and  thjs,  with  gluten,  forms  a  connecting  link  between  the 
two  kingdoms.f 

We  have  already  mentioned  the  substance  called  zimome,  which 
appears  to  be  albumen ;  it  remains  after  the  actkm  of  boSing  alcohol 
upon  gluten.  Albumen  is  found  also  m  the  juices  of  milky  vegeta- 
bles ;  it  is  contamed  in  the  houseleek,  in  cabbage,  and  in  most  of  the 
cruciform  plants. 

It  is  found  in  the  washings  of  starch,  which  when  boiled,  deposit 
a  white  substance,  apparently  albumen,  coagulated  by  the  heat;  it 
floats  as  a  bulky  scum.  Albumen  exists  in  the  emulsive  seeds,  as 
the  sweet  and  bitter  almond. 

Sbc.  Vn. — Jkllt. 

Remark, — ^It  is  very  probable  that  this  is  not  a  distinct  proximate 
principle,  but,  as  it  is  a  frequent  vegetable  product,  it  is  convenient 
to  give  it  a  place. 

Frq^ration, — The  expressed  juice  of  blackberries,  cuirants,  ra^ 
berries,  strawberries,  tic.  by  boiling  or  repose,  e^>ecia]ly  in  the  sun, 
will  gelatinize,  and  the  jelly,  being  washed  with  cold  water,  vriil  be 
nearly  pure.  J 

Properties. 


(a.)  Colorless,  unless  tinged  b^  the  fruit. 


Almost  insoluble  in  cold,  but  very  soluble  in  hot  watery  from 
which  the  jelly  precipitates  again  as  it  cook,  but  the  power  of  gelai- 
mizing  may  be  destroyed  by  long  boiling,  as  happens  when,  there 
being  too  litde  sugar,^  the  juice  is  boiled  down  to  concentrate  it;  it 
then  approximates  to  the  character  of  mucilage. 


*  CarboDic  tcid  caused  the  liquid  juice  to  fly,  when  the  bottte  wu  opened ;  ct- 

■eouf  matter,  the  result  of  decompositioD,  swam  in  the  liquor;  when  dry,  it  was 

like  horn ;  it  burned  like  fat;  dissolved  in  hot  alcohol,  and  separated  on  oooUng. 

^  t  See  Annates  de  Chimie,  T.  XLIII,  p.  267 ;  T.  XiX,  p.  296 ;  T.  XLiX,  p.  250. 

•>    t  There  is  no  similarity  between  this  and  animal  gelatine  except  in  the  mere 

property  of  ^gelatinizing. 

§  In  (amilies,  sugar  is  added  both  for  taste  and  to  aid  in  producing  the  tremulous 
consistency. 
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(c.)  JeUy  beeamei  iolid  by  dryingj  and  that  of  the  tamariDd  is 
traDiq>areDt* 

(d.)  It  combines  (at  least  that  from  the  pulp  of  the  casna,)  readily 
with  alkalies. 

(e.)  Nitric  acid  converts  it  into  oxalic,  while  little  nitrogen  is 
evolved. 

(/.)  Infusion  of  galls  precipitates  it. 

(g.)  Destructive  distiitation  affords  the  uswd  products  of  vege- 
table decomposition,  much  pjromucous  acid,  litde  oil,  and  scarcely 
any  ammonia. 

(A.)  Its  ashes  affi)rd  a  little  carbonate  of  potassa,  carbonate  of 
lime  and  oxide  of  iron. 

(».)  It  seems  intimately  connected  with  gum^  and  probably  may 
be  that  substance  combined  with  an  acid,  for  by  washing  with  water 
when  laid  on  a  sieve,  an  acid  passes  through  and  a  substance  like 
gum  remains.*— B.*—T. 

Sec  Vin.— Caoutchouc. 

India  Rubber  and  Elastic  Chm. 

I.  History. 

(a.)  First  brought  to  Europe  as  a  curiosity,  early,  in  the  18th  cen- 
tury, m  the  shape  of  bottles,  oirds,  &c.  Obtained  in  Brazil,f  yrom 
the  native  tree,  Siphonia  ekuticaA  of  the  family  of  £uphorbiace».<^ 

(b,)  It  is  cfforaed  by  several  East  India  trees,  the  principal  of 
which  are  Ficus  Indica^  Artocarpus  integrifolius^  Tabemamontana 
elastica^  Ficus  rdigiosaj  and  Sapium  aucuparium^  S£C.|| 

II.  Methods  of  obtaining  and  moulding. 

(a.)  On  puncturing  these  phntSj  a  milky  juice  exudes^  which,  being 
inspissated  m  the  air,  lets  fall  caoutchouc. 

(&.)  The  juice  is  white,  but  the  natives  apply  it  in  successive  layers 
on  moulds  of  clay,ir  and  dry  it  in  smoke,  whence  it  acquires  a  black 
color ;  when  finidied,  the  mould  is  crushed  and  falls  out. 

(c.)  The,  Tqbemamontana  elasticay**  affords  abundance  of  white 
juice  which  in  tight  vessels,  remains  for  weeks  unchanged;  if  exposed 
to  the  air,  or  better  if  acidulated,  the  caoutchoucf  f  separates  in  a 
clot  and  leaves  a  watery  fluid. 


*  The  pectic  add,  •  substance  resembtine  jelly  will  be  mentioiied  hereafter. 

t  Gondamine  in  the  French  Academy,  1788. 

t  OUier  spedes  of  these  genera  probably  afibrd  caoutchoac. 

jl  The  same  tree  was  afterwards  found  in  Cayenne ;  caoutchouc  is  the  native  i 

n  Abundant  in  a  tree  on  the  Arkansas. — Am.  Jour.  Yd.  Ill,  p.  44. 

II  In  the  shape  of  little  bottles,  horses,  birds,  alligators,  &c. 

**  A  climblnK  plant  of  Prttice  if  WaUi  hland^  and  of  the  Coa»i  qf  Sumatra, 

ft  Equal  in  the  oldest  trees  to  about  2-8  the  weight  of  the  juice. 
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(i.)  Chth  of  all  kinds  and  boots^  gloveSf  &c.  are  rendered  imper- 
viatu  to  water  by  being  impregnated  with  tke  freeh  juice  of  the  To- 
berfutmontana  elattica.* 

(e.)  In  South  America,  vessek  for  water  and  other  liquids  are  made 
of  caoutchouc. 

III.  The  Juice. 

(a.)  The  juice  in  dose  bottles  f  was  wkUe^  turbid,  and  fetid;  it 
contained  masses,  spontaneously  deposited,  resembling  the  bottles  in 
form,  but  smaller,  soft  and  elastic. 

(6.)  The  juice,  in  the  airy  promptly  acquired  an  elastic  peUidej  and 
in  oxygen  gas  or  chlorine,  a  precipitate  was  hastened. 

(c.)  After  the  native  juice  had  concreted,  the  caoutchouc  was  no 
longer  soluble  in  its  original  fluid. 

IV.  Physical  Paoperties. 

(a.)  That  which  separates  spontaneously  in  dose  vessels  is  the 
purest;  it  is  white  or  yellowish;  when  quite  pure,  it  is  colorless  and 
transparent ;  it  is  a  non-conductor  of  electricity. 

(6.)  As  usually  seen  in  the  form  of  bottles  j  ffc*  it  is  brown  or  blach- 
ish;  the  masses  from  the  East  Indies,  are  in  the  inside  nearly  white; 
tasteless,  inodorous,^  externally  smooth,  internally  rough,  sp.  gr. 
9.33,  water  being  10. 

(c.)  Sofly  pliable^  highly  ehsticj  and  adhesive,  softened  m  warm 
water,^  it  can  be  extended  to  6  or  7  times  its  original  length,  and  will 
recoil  with  force. 

(c(.)  In  cold  air  or  water^  this  property  is  soon  impaired;  at  40^ 
it  is  stiff  and  would  probably  become  britde  by  intense  cold,  but 
warmth  restores  its  elasticity. 

(e.)  ffa  strip  of  it  be  quickly  extended  upon  the  lip  orforehead, 
sensibleJieat  is  perceived,  especially  at  the  instant  of  greatest  extension, 
and  cold  when  it  contracts;\\  it  is  referrible  to  the  same  general 
cause  which  evolves  heat  by  percussion  and  friction. 

(/.)  Fresh  surfaces,  especially  if  warm,  wHl  adhere  by  mere  contact 
and  vfiM  unite  frmly  by  pressure, 

V.  Chemical  Properties. 

(a.)  Insolvhle,  even  in  hot  water,  but  becomes,  by  its  action,  whiter, 
softer  and  more  elastic,  and  by  boiling,  it  imparts  to  that  fluid  a  pecu- 
liar smell  and  taste. 


*  Or  by  being;  imbued  with  a  solution  of  the  solid  caoutchouc  properly  prepared. 

f  Examined  by  Fourcroy  io  specimens  of  the  juice  from  Bourbon,  Cayenne,  and 
the  Brazils. 

X  Except  when  warmed,  when  it  has  a  faint  peculiar  smell. 

§  A  stout  bottle  of  it  may  be  cut  spirally  into  a  thonfr ;  after  immersion  in  warm 
water,  it  may  be  stretched  50  feet  in  length,  and  if  one  end  is  then  let  go  it  returns 
with  a  quick  stroke  and  may  hit  a  little  roughly,  tliose  who  arc  in  its  way. 

II  Firtt  noticed  by  Mr.  Gough,  a  blind  man  of  Kendal,  Eng. 
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(&•)  JVb  action  by  aJcohol,  only  by  boiling  in  it,  the  carbon  of  the 
smoke  is  withdrawn ;  it  becomes  colorless  and  the  layers  are  ren- 
dered more  apparent. 

(c.)  It  easuy  mdts  and  looks  like  tar,  but  when  coldj  does  not  con- 
crete nor  dry,  nor  recover  its  elasticity.  In  this  state  it  forms  a  good 
varnish  to  protect  iron  from  rust. — A.  Aikin. 

{d.)  Very  combustible ;  bums  with  a  bright  jlamej  and  much 
smoke,  which  is  a  fine  lao^p  black ;  it  forms  a  brilliant  torch,  and 
in  Cayenne  is  burned  for  the  light;  in  oxygen  or  chlorine  gas  it  bums 
with  increased  brilliancy ;  the  odor  also  is  peculiar  and  aromatic. 

(e.)  A  burning  piece,  if  suspended,  lets  fall  bkusing  drops,  and  al- 
most streams  of  fire.*^ 

(/.)  By  destructive  distillation,  it  affi>rds  carburetted  hydrogen, 
but  no  ammonia,  as  formerly  stated.f 

Dr.  Ure's  analysis  gave  carbon  90,  hydrogen  9.12,  and  Mr.  Fara- 
day agrees  with  him,  that  carbon  and  hydrogen  are  its  only  elements. 

ig*)  Sulphuric  acid  chars  it,  and  emits  sulphurous  acid  gas. 

In.)  JVt^rtc  acid  gives  nitrous  fumes,  and  oxalic  acid. 

u.)  Muriatic  acid  has  little  or  no  action, 

(/.)  Chlorine  discharges  the  color,  and  renders  it  opake  like 
leather. 

(k.)  Alkalies  exert  little  action,  but  they  cause  it  to  becomes  soft 
and  inelastic ;  it  absorbs  ammoniacal  gas. 

VI.  Solvents. 

(a.)  Soluble  in  washed  ether,X  and  previous  softenmg  in  hot  water 
facilitates  the  solution  ;^  it  should  be  cut  into  threads,  and  the  vessel 
stopped,  and  in  a  few  days  it  will  dissolve,  even  in  the  cold. 

(6.)  The  solution  is  brownish  and  somewhat  viscid;  the  undis- 
solved portions  become  white  and  pulpy,  and  are  in  a  condition  to  be 
easily  dissolved  by  more  ether. 

(c.)  Dropped  on  water,  it  covers  the  surface  with  afdm;  if  the 
water  is  warm,  the  ether  evaporates  rapidly,  and  leaves  the  caout- 
chouc in  a  state  to  be  easily  taken  up  by  a  glass  rod,  when  it  will  be 
white,  and  is  readily  drawn  out  into  elastic  threads.  It  is  deposited 
in  a  similar  manner  on  doth,  or  any  other  substance. 

((2.)  The  edges  of  two  pieces  of  caoutchouc,  being  dipped  in  the 
ethereal  solution  and  instandy  pressed  close  together,  unite  perfecdy.lT 


*  If  received  upon  water,  they  flatten  and  float  like  petroleum. 

t  The  Iar|:e  thick  pieces  of  it  from  the  East  Indies,  when  cut,  emit  a  fetid  odor 
like  putrefying  animal  bodies,  and  it  was  once  supposed  to  contain  nitrogen,  but  Mr. 
Faraday  found  none ;  still,  all  preceding  authors  assert  its  existence  in  caoutchouc. 

t  For  the  process  of  washing,  see  Ether. 

§  Alcohol  troubles  the  solution  by  attracting  the  ether. 

It  The  use  of  this  solution  is  limited  by  the  expense  and  by  the  rapid  evaporation 
of  the  ether,  which  renders  it  impossible  to  lay  on  an  even  coating,  and  at  the  same 
time  the  brushes  are  choked ;  other  methods  will  be  mentioned. 
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(e.)  SalMe  in  niirie  tihtr^  which,  according  to  sDme,  is  the  bet- 
ter solvent.* 

(/.)  VolaiUt  aUs  dissolve  ii  with  the  aid  ofheai^  and  more  readSjr 
than  ether.  In  oil  of  turpentine,  in  the  cold,  it  swelk  and  becomes 
transparent,  and  dissolves  in  two  cm*  three  days-f 

{g.)  Naphtha  dissolves  y^,  and  by  evaporation  deposits  it  again  un- 
ahered ;  rectified  coal  naphtha  is  now  used  for  this  purpose. 

Ju)  Oil  of  CeguptUX  is  an  active  solvent;  the  solution  is  thick 
glutinous,  and  is  decomposed  by  alcohol,  which  unites  with  the 
oil,  while  the  caoutchouc  floats  in  a  semi  fluid  state,  and  when  wash- 
ed and  dried,  it  recovers  its  former  properties. 

ft.)  OH  of  spike  and  of  lavender  dissolve  caaaichoue. 

\j.\  It  diuoUeSj  at  a  boiling  heat,  in  expressed  vegetable  oHsf  in 
wax,  DUtter  and  animal  oil^  formmg  viscid,  inelastic  compounds. 

VU.  UsKS. — ^To  form  flexible  tubes,  catheters,  bougies  and  ehsdc 
bags^  for  gases,  8ic. ;  to  remove  pencil  marks ;  hj  pressure,  its  elasti- 
city drags  akmg  and  tears  away  the  fibre  of  the  paper,  and  with  it 
the  crayon  mark. 

fa.)  Toformatube,  cut  a  bottle  of  caoutchouc  into  a  k»gsbgle  slip; 
soaK  it  for  half  an  hour  in  ether  to  soften  it  ;||  the  strip  is  to  be  wound 
spirally  around  a  mould,  the  edges  being  in  perfect  contact,  and  for 
security  a  tape  is  added ;  in  a  day  or  two  the  tape  is  removed,  and  to 
complete  the  juncuon  the  tube  is  immersed  m  the  etherial  solution; 
boiling  water  evaporates  the  ether  and  leaves  a  ^smooth  surface.lT 

(i.)  Dr.  J.  K.  Mitchell,  of  Philadelphia,  has  found  that  caoutchouc 
bags,  by  soaking  m  ether,  sp.  gr.  .765  to  .775,  for  at  least  four  days, 
can  be  inflated  so  that  a  bag  weighing  6  oz.  may  have  a  circumfer- 
ence of  between  8  or  9  feet ;  bags  expanded  in  this  manner,  when 
filled  with  hydrogen  gas,  are  balloons.** 

To  prevent  the  cohesion  of  the  sides  of  an  inflated  bag,  powdered 
starch  should  be  thrown  b,  either  previous  to  inflation,  or  before  a 
collapse  is  permitted.  If  the  inflated  bags  be  hung  up  until  quite  diy, 
they  will  not  again  contract  and  may  be  cut  up  into  sheets. 


*  Ptrhaps  with  a  partial  deoomposttioo  of  the  ether,  for  the  solution  la  yeUowuih, 
and,  OQ  evaporation,  deposits  a  suhstaoce  similar  to  a  resin. 

t  Caoutchouc,  1,  oil  of  turpentiDe,  6,  and  dried  linseed  oil,  48,  form  a  varnish  dif- 
ficult to  dry ;  with  wax  and  boiled  linseed  oil  it  is  elastic,  and  ia  used  fiir  balloons. 

t  DistiUed  in  India  from  the  leaves  of  Melaleuca  CajupuH. 

§  A  sixpenny  bag,  inflated  by  the  mouth,  will  supply  a  blow  pipe  fitted  wi&  a 
■mall  good  jet  for  10  or  16  minutes,  and  a  bag  of  middling  size,  filled  by  a  syringe, 
will  blow  45  minutes.— J.  6. 

II  Oil  of  turpentine  or  of  lavender  may  be  substituted,  but  is  longer  In  drying; 
even  warm  water  will  answer. 

IT  The  mould  is  more  easily  withdrawn  if  made  a  little  conical,  or  if  flie  tube  is 
•oftened  and  expanded  by  Immersion  in  hot  water. 

••  One  of  which  was  found  130  miles  from  its  place  of  ascent  This  is  die  only 
one,  out  of  seven  thus  sent  up  at  various  periods,  which  has  been  heard  o£ 
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Gum  ohgic  bags,  when  softened  as  above  by  ether,  may  be  mould- 
ed into  almost  any  shieipe,  as,  by  being  drawn  over  lasts  for  shoes,  and 
over  cylinders  for  tubes. 

Recent  experiments  by  Dr.  Mitchell  shew,  (contrary  to  the  former 
opinion,)  that  gases  readily  permeate  caoutchouc,  and  are  thus  inter- 
mingled. 

The  following  gases,  in  equal  quantities,  passed  in  the  foUoi^ng 
times,*  through  a  gum  elastic  membrane,  to  job  atmospheric  air. 

Ammonia,  1  min.;  sulphuretted  hydrogen,  2^  min.^  cyanogeui 
3^  mm.;  carbonic  acid,  5i  min.;  nitrous  oxide,  6}  min.;  arseniu- 
retted  hydrogen,  27imin.;  olefiant  gas,  28  min.;  hydrogen,  37^ 
min.;  oxygen,  113  min.;  carbonic  oxide,  160  min.;  nitrogen  at  least 
180  minutes. 

Dr.  Mitchell  has  discovered  that  caoutchouc,  after  it  has  been  soft- 
ened in  ether,  may  be  dissolved  by  oil  of  sassafras,  so  as  to  be  applied 
by  a  brush,  and  when  dry  it  will  be  again  elastic  ;f  it  will  adhere  to 
glass  or  porcelain,  and  come  off  in  a  sheet  when  wet ;  this  solution 
will  cause  two  surfaces  of  caoutchouc  to  unite. 

It  is  recovered  also,  unchanged,  from  a  state  of  solution  in  petroleum. 
When  dissolved  in  the  naphtha  of  coal,|  it  may  be  brushed  over  cloth, 
and  two  surfaces,  thus  prepared,  being  placed  together  are  compressed 
between  the  rolling  cylinders  and  thus  united,  and  the  cloth  becomes  im- 
pervious to  water. — h.  The  sheet  caoutchouc  may  be  prepared  from 
the  same  solution,  and  it  is  now  much  used  for  making  tubes  and 
jobing  apparatus.  By  simply  cutting  a  folded  sheet  with  warm  scis- 
sors, a  jbining  of  the  edges  will  take  place,  which  may  be  perfected 
by  pressure  of  the  nails.  § 

(c.)  An  imitation  of  caoutchouc  has  been  made  by  preparing  oil 
in  a  very  drybg  state  by  oxide  of  lead,  and  spreading  it  with  a  brush 
on  any  surface,  when  being  dried  by  sun  or  smoke,  it  will  resemble 
the  elastic  gum,  and  bum  like  it ;  it  has  been  used  for  catheters  and 
bougies;  (cTre,)  they  have  not  however  the  permanency  of  the  real 
caoutchouc  and  are  soon  roughened  or  destroyed  by  use.|| 

{d.)  Dr.  Comstock,  of  Hardbrd,  Con.  makes  bags  called  life  preserv- 
ers, oi  cloth  imbued  with  elastic  gum ;  they  are  braced  around  Uie  body 
beneath  the  arms,  and  by  a  stop  cock,  they  are  blown  up  by  the  lungs ; 
they  will  sustab  a  man  with  his  head  and  shoulders  above  water. 

*  At  the  same  relative  rates,  the  gases  pass  through  animal  memhranes.  The 
power  of  permeation  is  so  great  that  a  column  of  63  inches  of  mercury  placed  In  a 
limb  of  an  inverted  syphon,  burst  the  membrane  and  terminated  the  research. 

t  Franklm  Jour.  Vol.  V,  p.  122.  t  Ann.  Philos.  Vol.  XII. 

iSee  Faraday's  Manipulation,  §  416. 
The  late  Mr.  £11  Whitney,  of  New  Haven,  who  had  important  reasons  for  pro-  . 
curing  the  best  instruments,  could  obtain  none  from  London  that  were  genuine ;  in 
his  opinion  none  of  them  were  made  of  caoutchouc. 
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There  is  a  mineral  caoutchouc  found  at  Derbyshire,  Eng. ;  it  has 
properties  considerably  resembling  those  of  the  vegetable ;  it  is  scarce- 
ly necessary  to  add  that  neither  of  them  is  alimentary. 

Sec.  IX. — Fixed  Oils. 

1.  Oils  are  distinguished  into  fixed^  or  fat,  and  vokuile  or  essen- 
tial; the  Gxed  oils  are  obtained  by  pressure,  sometimes  aided  by  heat, 
and  at  pther  times  without  pressure,  by  the  action  of  boiling  water ; 
the  volatile  by  distillation,  at  the  temperature  of  boiling  water  or  of 
boiling  alcohol. 

2.  Fixed  ails  are  found  chiefly  in  seeds,  and  mostly  in  those  of  two 
co^Iedons,  as  linseed,  almond,  beech  nut,  poppy  seed,  rape  seed,  be. 

1.  Properties. 

(a.)  Unctuous,  stain  paper  permanently  ;  generally  fluid ;  some- 
what  thickf  scarcely  visad;  generally  congeal  at  a  moderate  cold, 
some  freeze  at  32^,  others  below  that  degree,  and  others  are  never 
fluid  at  atmospheric  temperatures. 

(&.)  The  tatter  are  called  vegetable  butters,  e.  g.  palm  oil,  oil  of 
cocoa  nut,  of  the  laurel  berry,  nutmeg,  be. 

fc.)  Insipid,  or  toith  a  mud  taste;  sometimes  nauseous  or  acrid.* 

Id.)  Colorless  and  transparent,  or  at  first  greenish,  becoming 
yellow  by  keeping. 

(e.)  Sp.  gr.  generally  such  that  they  swim  on  VHiter  but  sink  in 
alcohol. 

{f.\  Water  has  no  action  on  them;  they  are  miscible  with  it  by 
agitation  but  separate  by  repose. 

(g.)  Oil  dropped  upon  water  spreads  over  the  surface  denoting 
some  attraction.f 

(A.)  ^ot  volatilized  without  decomposition  ;  ebullition  does  not  gen- 
erally begin  under  600^,  but  an  inflammable  vapor  rises  under  500^. 

(i.)  The  condensed  oil  is  empyreumatic  and  is  rendered  more  Itm" 
pid  and  volatile;  carburetted  hydrogen  and  carbonic  acid,  holding  oil 
m  solution  are  evolved,  also  an  acid  fluid,  and  charcoal  is  left. 

(/.)  Successive  disiillaiions  attenuate  the  oil  still  more,  till  finaUy 
it  is  all  volatilized  and  decomposed  and  various  products  formed. J 

(k.)  If  driven  in  vapor,  through  an  ignited  tube,  the  decomposi- 
tion is  more  complete,  and  the  quantity  of  the  gas  much  greater. 


*  Or  having  some  peculiar  flavor  derived  frDin  foreign  matter  or  (rom  the  mode 
of  preparation. 

t  Butter  is  added  to  aqueoud  fluids  to  prevent  their  boiling  over,  and  oil  is  said  to 
be  poured  on  waves  lo  quell  them. 

t  For  some  very  curious  results,  see  Ann.  de  Ch.  et  de  Ph.  Vols.  XX XI,  XXXII 
andXXXlll. 
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(/.)  Heated  in  an  open  kettle^  the  color  deepensj  fetid  inflanimable 
vapor  escapes  and  it  becomes  a  drying  oil*  and  in  the  air  forms  a  solid 
tough  varnish. 

(m.)  T%e  air  acting  upon  oils  that  are  not  dryings  especially  if 
ivarm,  produces  rancidity;  they  abstract  oxygen,!  become  thicker, 
and  redden  vegetable  blues;  they  become  rancid  much  sooner  if 
placed  in  oxygen  gas. 

(n.)  Rancidity  is  counteracted  by  chumit^  with  warm  toater^  re- 
newed till  it  comes  off  clear ;  oils  and  butter  have  been  kept  m  water 
for  fifty  years  perfectly  sound. — Black. 

(o.)  Some  oUs  are  rendered  colorless  and  some  deeper  colored  by 
becoming  rancid;  the  brisht  yellow  of  oU  of  olives  is  thus  discharged. 

(p.)  Spontaneous  combustions  result  from  the  rapid  absorption  of 
oxygen  by  drying  oUs,  especially  when  mixed  with  other  combustibles.| 

(9.)  Combustion  ofoU  takes  place  near  the  point  of  boHing  or  of 
decomposition^  and  vaporization  and  ignition  are  necessary  to  sus- 
tain it;  hence  the  utihty  of  a  wick  which  draws  up  the  oil  by  capil- 
lary attraction. 

Composition. 

(r.^  The  products  of  the  combustion  are  water  and  carbonic  add. 
Lavoisier  found  in  100  parts  of  olive  oil,  79  carbon,  21  hydrogen. 
Potassium  is  oxidized  by  oib  and  evolves  hydrogen  gas  from  them, 
which  proves  that  they  contain  oxygen. 

Gay-Lussac  and  Thenard  found  olive  oil  to  be  composed  of  car- 
bon 77.213  +  oxygen  9.427  +  hydrogen  13.360  =  100,  correspotid- 
ing  very  nearly  with  10  ecjuiv.  of  carbon,  =  60  +  1  of  oxygen  ^8 
+  11  of  hydrogen  =79,  its  supposed  equivalent;  the  hydrogen  is 
in  excess  12.075  pr.  ct.  beyond  what  is  necessary  to  form  water. — h. 

*  It  is  supposed  tfamt  fecula  and  mucilage  are  decomposed,  water  volatilized,  some 
oil  dissipated  and  the  rest  oxygenized ;  metallic  oxides,  especially  oxide  of  lead,  aid  in 
producing  Uils  effect  Drying  oils,  boiled  on  a  little  litharge  without  water,  become 
thicker  and  more  drying  than  before.  For  safety  the  oil  is  often  boiled  out  of  doors ; 
rain  falling  into  the  ketUe  produces  hydn^n  gas  in  the  proportion  of  1  pint  to  a 
drc^  of  water,  and  the  oil  is  dashed  a)iout  with  sUght  explosions. — Black, 

t  Linseed  oil,  without  disengaging  any  carbonic  acid,  absorbed  12  volumes  of 
oxygen  gas  in  4  months.  Drying  oils  do  not  become  rancid,  and  by  absorbing  oxy- 
gen they  approach  to  the  nature  of  resins. 

t  These  accidents  were  formerly  frequent  in  the  Russian  navy  and  arsenals ;  on 
inquiry  it  appeared  that  if  hemp,  flax  or  linen  cloth,  or  fine  charcoal  wrapped  in 
linen,  be  steeped  in  dryiug  oil  and  lie  confined  and  somewhat  pressed  in  a  heap, 
combustion  results;  it  occurred  once  in  16  hours,  once  in  9. — Journal  de  Physique, 
Vol.  XXlf,  p.  111.    Rep.  Arts,  Vol.  Ill,  p.  96. 

N.B.  Black  wad  (earthy  oxide  of  manganese)  and  drying  oil,  when  used  as  a 
paint,  are  apt  to  bum.  Coffee,  roasted  wiUi  butter  in  it,  once  took  fire  in  this  place, 
(New  Haven,)  some  hours  after  it  was  set  awa^  in  a  cellar. 

The  oiled  refuse  cotton  sometimes  gets  on  fire,  in  cotton  mills.  Four  pounds  of 
suet,  rather  greasy  than  firm,  and  two  pounds  of  linseed,  hemp  seed  or  other  drying 
dl,  being  mixed,  after  a  few  hours  will  grow  warm,  and,  if  wrapped  in  flannel,  the 
beat  increases  to  inflammation. 

Vol.  II.  65  ^ 
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(s.)  Hjdvogen  18  slightly  absorbed  by  oils,  audi  newly  frepand 
ckarcoalf  especially  animal,  bUaehes  and  purifies  them* 

[i.)  Phosphorus  is  dissolved  bu  digestion  and  forms  phospbtviied 
oil,  which  in  the  air  is  luminous.^ 

(«.)  Stdphur  dissolves  in  boiling  oU;  the  solution  b  racid,  red, 
fetid  tod  acrid,  and  b  called  in  the  shops  balsam  or  ruby  of  sul- 
phur ;  it  emits  sulphuretted  hydrogen  gas. 

(i;.)  Alkalies  unite  with  out  €snd  form  sostps  ;  see  animal  oil  for 
th»  theory  of  saponification  and  the  separation  of  Qils  into  a  9^ 
portion,  stearinj  and  a  fluid  dain.f 

(to.)  Oxides  of  metals  unite  vfith  oU  by  heat  and  by  trituration. 
Common  plaster  is  prepared,  by  boiliiig  2  parts  of  olive  oil  with  1  of 
litharge  and  a  little  water,  to  prevent  scorching;  oxides  of  bismuth 
and  OMrcury  aflbrd  similar  compositions. 

(».)  Oils  aid  in  the  oxygenizement  of  some  metais^  copper,  oiled 
or  greased,  acquires  a  green  color. 

(y*)  Th^  strong  adds  generally  decompose  the  oiU, 

{z.)  Hot  sulphuric  acid  carbonizes  them;  water  is  produced,  and 
sulphurous  acid  and  sometimes  even  sulphur  is  evolved.  With  cer- 
tain proportions,  a  kind  of  soap  is  formed,  which  lathers  with  water. 

(oa.)  ^/Uric  acid  acts  with  kss  violence^  and  if  cold  and  colorless^ 
only  thickens  the  oil  and  renders  it  white ;  but  with  hot  and  fuming 
nitrous  acid  the  action  is  rapidy  especially  on  the  drying  oils,  and  it 
sometimes  inflames  them.| 

(M.)  Chlorine  thickens  and  bleaches  the  oUs^  and  they  pass  to  the 
state  of  wax. 

(oe«)  OH  combines  with  sugar  or  simple  mucilage  and  fecula,  and 
forms  an  emBloion,  which,  especially  with  mucilage,  is  often  used  in 
pharmacy. 

{dd,)  Alcohol  dissolves  some  fixed  oils;  castor  oil  is  soluble  in  every 
proportion,  in  alcohol  of  sp.  gr.  .820,  but  not  in  that  which  is  weak- 
er.^ Four  fluid  oz.  of  sulphuric  ether,  sp.  gr.  .756,  dissolve  IJ 
fluid  oz.  of  oil  of  almonds,  IJ  of  olive  oil,  2  of  linseed  oil,  and  cas- 
tor oil  almost  without  limit. 

IL  Sources. 

(a.)  Oils  are  abundant  in  the  vegetable  kingdom,  and  are  found 
ehiefly  in  the  seeds  and  fruity  and  most  when  near  maturity. 

fi.)  They  are  bruised  or  broken  and  pressed  in  a  hempen  bag, 
ana  foreign  matter  is  permitted  to  subside. 


•  VoJ.  I  p.  421,  z. 

1  In  olive  oil  at  44°  F.  there  is  elain,  72,  stearin,  28;  in  almond  oil,  76  and  24  ; 
in  rape  oil,  54  and  46. 

X  Dried  linseed  oil  ropes  out  of  tlie  mouth  of  a  narrow  vessel,  and  produces  an 
overpowering  smell. 

§  Phil.  Trans.  1811,  p.  264.    Castor  oU  has  been  used  to  adulterate  costly 
tial  oilf,  especially  oil  of  cloyed 
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(c.)  In  some  instances,  the  seeds  are  gently  roasted,  and  the  oils 
are  thus  rendered  partially  acrimonious  and  erapyreumadc ;  they  are 
then  less  liable  to  congeal,  and  more  prone  to  dry  in  the  air. 

HI.  Pkincipajl  fixed  oils.* 

Olive  oil. — ^From  the  fruit  of  the  olive  tree,  {Oka  Eurapea^) 
the  firuit  is  crushed  in  a  mill  so  as  not  to  break  the  nut :  several  qual- 
ities are  obtained  by  repeating  the  process,  the  first  is  the  best  and  is 
used  as  butter ;  the  interior  sort  is  burned  ibr  light  or  made  into 
itoap.f 

Coakel  oil. — From  the  pulpy  part  of  the  berries  of  the  Coraug 
sanguinea ;  color  bright  green ;  no  unpleasant  flavor. 

Alhond  oil. — From  both  the  sweet  and  bitter  almond ;  color 
lightish  green  or  yellow ;  little  used  except  in  medicine,  as  it  isdearw 

Poppy  seed  or  pink  oil. — Cold  drawn  from  the  seeds  of  the 
large  white  poppy,  in  France,  Netherlands,  and  Germany ;  a  nstaral 
drying  oil;  employed  as  a  food  like  olive  oil,  which  is  often  adulter- 
ated  with  it;  unfil  to  burn  in  a  lamp;  used  in  vanusbes;  has  no 
narcotic  properties. 

Linseed  Oil. — ^The  flax  seed  is  torrefied,|  ground  and  pressed. 
The  cold  drawn  oil  is  yellow,  the  hot  drawn  is  red,  and  is  a  dr3ring 
oil,  especially  if  boiled  with  litharge. 

Hempseed  Oil. — Resembles  ihe  preceding ;  color  green. 

Oils  of  mdstasd  seed,  cole  seed,  rape  seed  and  sunflower 
SEED. — Less  colored  than  the  two  preceding ;.  cheap,  and  much  used 
by  the  leather  dressers  and  to  preserve  wool  front  moths  and  insects. 

Nut  Oil. — CMefly  cold  drawn,  from  the  kernels  of  the  wafarat 
and  hade  nut ;  finest  in  die  warm  climates  of  Europe;  when  recent* 
ly  drawn,  has  the  fine  nut  flavor ;  the  hot  drawn  is  very  drying  and 
much  used  in  painting ;  bears  the  weather  better  than  any  od. 

Beech  nut  Oil.— Cold  drawn  from  the  kernek  of  beech  nuts ; 
resembles  olive  oil. 

Oil  or  Ben. — Oieum  Balani  of  the  ancients.  From  the  seede 
of  the  GuUandina  Moringa  of  Ceykm,  Ethiopia,  8z;c.  Oil  yellowisbi 
fimpid,  inodorous  ;  does  not  become  rancid  in  the  air ;  used  by  the 
Italians  as  the  basis  of  perfume  oils.^ 

Vegetable  Butters. — abutter  of  cacao. — From  the  chocolate 
ntit,  the  iridt  of  the  Theobromd  Cacao;  extracted  by  bmUng  wat^r ; 


•  Aikin'8  Diet 

t  OU  qf  bricks  is  olive  oU  distilled  from  bricks  which  have  been  i^ted  aad  quench- 
ed in  it ;  tksed  by  the  lapidaries  and  stone-cutters  to  hold  their  fretting  powders* 

X  To  destroy  mucilaee,  &c. 

§  Alternate  layers  ofcotton,  soaked  in  ben  oU  and  flowers  of  jasmine,  violet,  oran^^a 
&c.  in  a  covered  dish,  are  placed  in  hot  water  or  in  sunshine,  for  a  few  davs ;  when 
the  oil  is  pressed  out  it  is  impregnated  with  the  aromatic  qualities  of  the  noweis. 
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when  cold,  concretes  on  the  surface ;  has  tlie  delicate  flavor  of  choc- 
olate ;  not  disposed  to  rancidity;  used  as  a  food,  and  in  unguents  and 
medicated  soaps. 

Palm  Oil.— Chiefly  from  the  species  Coeoi  hutyraeea  and  EUtU 
Chiineensit.  Hot  water  disengages  the  oil,  which  rises  and  concretes ; 
used  in  the  West  Indies  and  in  Africa  as  food ;  in  Europe  as  medi- 
cine and  in  the  composition  of  the  best  yellow  9oap. 

IV.  Uses  or  Oils. — ^Ba«s  of  paints,  being  triturated  and  mixed 
with  metallic  oxides;  with  resin  and  turpentine  they  {ovm  fat  vamuk- 
ei.  Drymg  oil  with  lamp  black  forms  printers'  bk.  Some  are  used 
in  medicine  and  some  for  food. 

Castor  oil  from  the  Ricinm  communis  is  a  valuable  medicine  and 
a  single  drop  of  the  oil  of  the  Croton  Tiglium  produces  similar  ef- 
fects with  great  energy.* 

Oil  b  freed  from  mucilage  by  agitating  it  with  1  or  2  pr.  ct.  of  sul- 
phuric acid ;  the  matter  coagulates,  it  is  washed  with  f  as  much 
water  as  oil,  and  strained  through  cotton.  By  this  process,  coromoD 
fish  oil  is  purifled,  for  combustion  in  lamps. 

Sec  X.— Wax. 

I.  Origin. 

(a.)  A  product  of  vegetable  life^  and  bees  form  as  well  as  col- 
lect it. 

(b.)  Pollen,  being  visibly  collected  by  bees  on  their  thighs,  it  was 
supposed  that  they  form  wax  from  it,  but  wax  is  formed  (without 
pollen)  from  honey,  molasses  or  sugar,  on  which  bees  have  been  fed 
when  confined  in  bouses  ;  but  where  they  were  fed  with  pollen  and 
fruits  no  wax  was  formed.f 

(c.)  Wax  is  also  a  product  of  vegetation  ;%  It  is  the  varnish  of  the 
leaves  of  vegetables  as  of  the  cabbage,  be.  and  of  the  rind  of  plums, 
oranges,  be.  which  prevents  their  being  wet ;  it  exists  in  the  fecula 
of  some  plants  as  the  house  leek,  in  which  it  abounds. 

{d,)  The  berries  of  the  Myrica  certfera  of  the  United  States,^  tf- 
ford  it  ih  abundance  and  boiling  water  melts  it||  ofiTfrom  the  seeds. 

n.  Properties  or  wax  t>r  bees. 

(o.)  Color  yeUow^  smeU  aromaticy  but  inodorous  and  colorless  after 
bleaching. 


*  Eng.  Journal  of  Science,  Vol.  XX.  p.  281. 
«  Huber,  Journal  de  Phys.  Tom.  S8. 

X  The  pollen  feeds  the  larva  of  Uie  Bee  and  the  latter  forms  the  wax.    Pollen  doe« 
not  possess  the  properties  of  wax,  although  it  contains  it. 


i  Found  from  die  great  lalces  to  Florida. 
:" ■    ■ 


II  White  Lac  Is  by  some  considered  as  a  variety  of  wax ;  it  is  supposed  to  exist 
also  in  commoo  lac  combined  with  resin,  coloring  matter  and  gluten. 
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(6.)  Bleached  by  exposure  to  sun  and  air  in  thin  pieces  or  rib- 
bands^* bleached  aUo  by  light  atone  between  two  plates  of  glass, 
the  edges  bebg  protected  from  the  air. 

(c.)  Sp.  gr.  when  unbleachedjfrom  .9000  to  .9650;  if  bleached, 
from  .8203  10  .9662. 

Imoluble  and  unalterable  in  water. 

(d.)  FueSble  at  142^;  at  155^  if  bleached;  forms  a  transparent 
fluid,  but  becomes  opake  again  on  cooling. 

(e.)  At  i^nitionj  bums  with  a  dear  white  lights  and  forms  water 
and  carbomc  acid ;  may  be  made  to  boil,  affording  distilled  oil  and 
some  stearic  acid. 

(/.)  Formed  into  candles  with  the  addition  of  a  little  tallow;  a 
smaller  wick  answers  than  in  the  case  of  lallow,  because  the  wax  is 
less  fusible ;  the  candle  needs  no  snuffing. 

(jg*)  When  decomposed  in  dose  vessdsj  sites  products  similar  to 
those  obtained  yrom  the  decomposition  of  ous. 

(A.)  Composition. — Carbon,  82.28  and  hydrogen,  17.72. — ^La- 
voisier. 

Carbon,  81.784  80.69 

Oxygen,  5.544  7.94 

Hydrogen,  12.672  11.37 

100. — G.  L.  100. — Ure,  and  cor- 
responding nearly  with  13  equiv.  of  carbon,  78+1  oxygen,  8  + 
11  of  hydrogen,  11^97. 

(«.)  McoKol  has  no  action  in  the  cold;  at  ebullition  dissolves  ^\ 
its  weight,  deposits  most  of  it  on  cooling,  and  the  rest  is  separated  by 
water ;  edier  is  affected  in  a  similar  manner. 

(y.)  By  boiling  combines  with  the  fixed  alkalies^  and  with  ammo- 
nia, and  forms  a  soap.f 

(A;.)  OUs  by  fusion  unite  readily  with  waXy  and  form  a  soft  com- 
pound called  cerate. 

(l,)  Cold  volatile  oils  act  but  feebly;  hot  oil  of  turpentine  dissolves 
wax,  but  on  cooling  precipitates  a  soft  solution. 

(m.)  Adds  have  but  a  feeble  action;  the  diluted  mineral  acids, 
in  a  few  hours,  discharge  the  color  from  thin  pieces. 

(n.)  Although  the  usual  method  of  bleaching  is  by  light^  chlorine 
is  now  employed  with  successX  but  as  the  chlorine  combines  with  the 
wax,  its  odor  is  diffused  in  burning,  and  in  preparing  wax  for  candles, 
it  is  necessary  to  renounce  this  method. — g.  l.     Cours,  &;c. 

I 

*  8«e  Aikio'i  Diet.  Wax  adulterated  by  tallow  or  fat  is  more  fusible  but  opake 
white,  not  semi-transparent ;  botling;  alcohol  dissolves  the  wax  but  not  the  tallow. 

t  A  compound  of  bees  wax  20  parts  with  1  of  soda  was  the  Panic  wax  of  U&e  an* 
eients,  used  as  the  basis  of  colors  and  in  "  encaustic  painting.*' — Murray. 

X  I  have  received  fidr  specimens  bleached  in  this  way  from  Norwich,  Con. ' 
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IIL  MnTLC  Wax,*^««i  the  Mgrka  certfera. 

(tu\  Color  greeniA,  sp.  gr.  1.015,  and  sinks  b  wftter. 

U.)  Melts  at  1090,  burns  with  aromatic  odor,  aod  little flmoke. 

Ic.)  More  soluble  in  akohol,  ether,  and  the  alkalies  tkan  bees  wax. 

\dl\  Caustic  potash  dissolves  and  whitens  it^  but  it  has  not  beea 
bleached  in  the  sun  and  air. 

Use  name  cerin  was  gioeii  by  Dr.  John  to  that  portion  <jf  mjrtle 
or  of  bees  wax  that  is  soluble  in  boiling  alcohol  or  ether  j  but  ituoimr 
Ve  ue  ihem  when  cold;  while  that  part  which  is  not  soluble  in  then 
UioAhe  coiled  tniyriein. 

IV.  Miscellaneous. 

.  (a.)  The  Chinese  snanrfaeture  candles  wed  omammtsfrom  a  wax 
which  tber  extinct  from  yarious  vegetables. 

(&.)  Jyew  bees  wax  is  neadj/  white  but  grows  yelbw  ia  tbe  Ure, 
and  ukiaialeljr  brown ;  the  finest  is  made  in  dry  hilly  oountiies,  that 
of  wine  countries  is  inferior. 

(c)  The  hoiiejf  is  pressed  out  and  the  wax  being mdtedhjboiweter, 
in  clean  coppers,  is  strained  through  cloth  bags  and  cast  into  cakes. 

{d.)  A  peculiar  vegetable  wax  is  obtained  m  Braal  which,  with  yV 
of  tallow  or  i  of  hees  wax,  makes  very  excellent  candles,  f 

(e.)  Wax  resembles  a  dense  fixed  oil,  but  it  obviously  differs  m 
some  particulars, 

V.  IJscsy— The  best  material  for  candles ;  used  in  cerates ;  as  a  lute 
and  cement  in  laboratories,  bemg  liule  afiected  by  acids ;  in  sewing 
to  make  thread  smooth ;  not  used  for  food  although  it  is  innocent,  be- 
ing ofien  swa]k>wed  with  tbe  honey  which  it  contains. 

Sec  XI. — ^VoLATiuB  or  Essential  Oils. 

I.  Name  and  Origin. 

(a.)  So  eaUedfrom  ihar  volatility  and  from  their  containing  the 
most  active  properties  of  vegetables^  especially  in  relation  to  taste 
and  smell;  the  odor  of  fruits  flowers  and  of  vegetables  generally  re- 
sides in  their  volatile  oils. 

{b.)  Not  so  abundant  as  some  of  die  proximate  principles;  in 
many  vegetablesy  not  found  at  oK,  and  exist  chiefly  in  the  aromatic 
plants.} 

(c)  In  soaw,  confined  to  the  flowers,  the  fruit,  the  leaves  or  bark ; 
in  others,  fowad  in  several  of  these  parts,  and  tn  a  few,  diffused  dirougfa 
the  whole  structure. 


*  See  an  analyiiB,  by  the  late  Prof.  Dana,  Am.  Jour.  Vol.  I,  p.  294. 
\  Bnade.  PUL  Traos.  1811,  p.  268. 

X  Ai  moat  vegetables  have  odor,  they  evidently  emit  aomething  velatile  aUhough 
it  may  be  too  lugitive  lor  ooodenaatioa  or  detection. 
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{d.)  Leait  abundant  in  the  cotyledons  of  the  seedj  xtie  peculiar 
seat  of  die  fixed  oil,  while  the  husk  or  cover  of  the  seed  abnost  always 
contains  more  or  less  volatile  oil,  which  is  a  defense  against  insects. 

{eA  The  quantity  of  oil  depends  much  on  the  age  and  tfigor  cf 
thepfanty  and  on  climate,  soil  and  season.  Some  yield  most  when 
in  (uD  blossom^  others  when  going  to  seed.  Roots  afibrd  most,  just 
before  they  send  forth  their  radicles  in  the  spring ;  woods  at  the  boF- 
ginnbg  of  winter.^ 

( /.)  Some  odoriferous  flowers  and  plants  afford  f  no  voiatih  od, 
by  aistiUationj  because  our  methods  are  imperfect,  and  the  propor- 
tion of  the  oil  is  minute,  although  it  may  be  very  active  and  strong ; 
e.  g.  roses  and  orange  flowers,  in  small  quantities,  aflbrd  no  oil,  al« 
though  it  is  obtained  from  larger  quantities.]; 

II.  Modes  or  obtaining. 

(a.)  Volatile  oUs  are  discovered  by  their  odor;  m  general  they 
cannot  be  obtained  by  pressure,  except  a  few  which  are  contained  in 
distinct  vesicles  obvious  to  the  naked  eye,  as  in  the  rind  of  the  orange, 
lemon  or  bergamotte  orange;  or,  the  vesicles  are  discovered  by  the 
microscope,  as  m  nutmegs,^  angelica,  and  masterwort* 

(J.)  The  raspings  of  the  outer,  yellow  rind  of  the  orange,  are 
pressed  between  glass  plates  and  the  oil  exudes.  || 

(c.)  The  common  mode  of  obtaining  volatile  oUs  is  by  distillation 
vfith  water.  Bark  or  wood  is  rasped  or  shaved,  and  both  these  and 
dried  plants  are  macerated,  rammed  into  a  still  and  covered  with 
water,  which  is  made  just  to  simmer,  and  the  oil  disdls  over  and  is 
condensed  on  the  water  or  sinks  beneath  it;  the  water  dissolves  some 
of  the  oil  and  is  called  distilled  or  aromatic  water,  as  the  oil  is  called 
distilled  oil.ir  The  addition  of  salt  raises  the  temperature  a  little,  so 
that  more  oil  is  obtained. 


*  NicVs  Diet  Maceration  of  green  vegetables  is  injurious ;  it  is  useful  with  dry 
and  solid  bodies,  and  conunon  salt  is  added  to  prevent  putrefaction. 

t  As  the  violet  or  jessamine,  lilies,  hyacinths,  clove  July  flowers,  bloom  of  the 
lime  or  linden  tree,  lilies  of  the  valley,  &c. 

X  By  the  100  lbs.  all  the  odorant  vegetables  which  contain  it  would  probably  aflbrd 
volatile  oil,  because,  even  those  from  which,  in  smaU  quantities,  we  extract  none, 
aflbrd  odorant  water  in  the  distillation^  while  the  plant  becomes  inodorous. 

§  On  cutting  the  nutmeg  the  oil  instantly  exudes. 

II  Attar  or  9%l  q^rosea  is  obtained  m  India,  by  filling  a  clean  cask  or  large  glazed 
earthen  jar  with  rose  leaves  which  are  covered  by  sprine  water ;  the  vessel  stands 
in  the  sun  two  or  three  days,  and  is  taken  in  at  night;  alter  the  third  or  fourth  day» 
the  oil  floats  in  particles,  and  in  a  week  a  thin  scum  is  taken  up  by  cotton  on  a  stick 
and  squeezed  into  a  small  vial. 

III  the  same  way  the  oil  of  ben  absorbs  the  fragrance  of  the  blossoms  of  the  vio- 
let, mignonette,  jasmine  and  the  hyacinth ;  that  of  the  tuberose,  and  of  all  the  scented 
liliaceous  plants  is  thus  obtained,  although  too  minute  in  quantity  and  too  destructible 
by  heat  to  be  procured  in  any  other  way.  The  perfumed  oil  is,  by  agitation,  ccnnbined 
with  an  equal  bulk  of  alcohol,  And  the  latter  being  mixed  with  water,  the  oil  floats 
and  is  uken  up  by  cotton.— 4iMns. 

IT  Alcohol,  Unctured  with  essential  oil,  is  called  spirit;  thus  we  liave  lavender  spirit 
and  lavender  water. 


440  VOLATILE  OILS. 

III.  Properties. 

(a.)  In  genera),  fnore  active  than  fixed  oUSf  odoriferous^  volatUe^ 
inflammable;  aromatic;  taste  hot,  acrid  and  pungent;  oil  of  dowt 
caustic  to  the  tongue  and  other  delicate  parts ;  oil  of  peppermiDC 
leaves  a  sensation  of  coldness.* 

(6.)  Most  of  them  float  on  water;  afew^  from  the  aromatic  plants 
of  hot  climates  sink^  as  oil  of  cloves,  and  oil  of  cinnamon,  and  sassa- 
fras. Oil  of  turpentine  is  of  the  sp.  gr.  .868  at  71^,  oil  of  sassafras, 
the  heaviest  known,  is  1 .094. 

(c.)  Consistence  various ;  some  are  limpid  like  water,  some  thick 
and  glutinous  like  expressed  oils,  or  butter,  and  even  in  a  few  cases, 
more  solid,  as  anise,  fennel,  and  rose. 

(d.)  Some  congeal  at  2(P  Fah.;  some  are  fluid  at  17° ;  m  con- 
gealing thev  crystallize.f 

(e.)  Ccior  various;  Ihore  commonly  light yelbw,  by  age  yellow- 
ish brown ;  sometimes  blue  and  green. 

(/.)  VaiaiUized  with  water  bdow  2129  without  decomposition; 
sophisticatioa  with  fixed  oil  is  discovered  by  their  leaving  a  greasjr 
stain  on  paper.]: 

(g.)  u  heated  with  clay  or  sand,  or  vaporized  through  a  red  hot 
tube^  they  are  decomposed^  producing  inflammable  gases,  carbonic  acid 
and  charcoal. 

(A.)  Bum  without  awickj  with  much  white  flame  and  dense 
smoke ;  they  require  more  oxygen  than  fixed  oils,  and  carbonic  acid 
and  water  are  the  products. 

it.)  Composition:  thej  Bre  composed  of  carbon  and  hydrogen^  and 
1  occasionaDy  some  oxygen. 
According  to  Dr.  Ure, 

Carbon,      Hequiv.    -        -        -      84         82.35 
Hydrogen,  10         -        -        -  10  9.80 

Oxygen,       1  ...        8  7.86 

102       100.§ 

*  Some  are  poisonous,  as  the  oil  of  bitter  almoods  and  of  the  Pninus  Lauro-cerasa9« 
of  which  ft  minute  dose  kills  animftls  very  speedily ;  one  drop,  on  the  tongue  of  a 
Gftt,  was  fatal  in  five  minutes,  and  a  tube  wet  with  the  oil  and  touched  to  ^^^P 
of  the  tongue  of  Mr.  Brodie,  (see  Phil.  Trans.  1811,)  produced  alarming  effects. 
The  empyreumatic  oil  of  tobacco  is  a  violent  poison,  and  as  it  is  produced  by  distu- 
line  tobacco  leaves,  at  a  heat  above  212^,  there  can  be  no  doubt  that  it  is  geoeratod, 
and  of  course  inhaled,  in  smoking  tobacco. 

t  This  appearance  must  not  be  confounded  with  that  of  the  benzoic  acid,  or  some- 
thing similar  to  it,  which  some  oils  deposit  on  exposure  to  the  air. 

t  Sometimes  from  age  and  on  account  of  a  resinous  matter,  they  leave  a  stain  Jl- 
tboogh  not  adulterated ;  but  then  the  stain  is  not  greasy,  and  the  paper  may  be  wnt- 
ten  upon. — Prof.  J.  R.  Coxe.  . 

§  Oil  of  turpentine,  bergamot,  citron  and  rose,  when  recently  obtained,  contain  ^ 
no  oxygen,  and  are  less  soluble  in  alcohol  than  other  oils  that  contain  oxygen;  wnter 
readily  precipitates  them,  while  the  oil  of  lavender,  which  contains  oxygen,  m^ 
•oluble  in  alcohol  as  not  to  be  precipitated  by  water. 
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Jfffurified  by  akoholj  oU  of  turpentine  appears  to  eannst  of  car- 
bon  and  hydrogen  ordy,  and  to  approximate  to  naphtha.  According 
to  Gay-Lussac,  pure  oil  of  turpentine  consists  of  88.348  carbon 
11.652  hydrogen,  corresponding  to  2  vols,  vapor  of  carbon  and  4 
carburetted  hydrogen.  A  very  pure  oil  is  obtained  by  distining*  it  witli 
water.  The  vapor  of  oils  is  very  dense ;  it  may  be  five  times  as 
dense  as  that  of  air,  and,  in  the  case  of  oil  of  turpentine,  even  more. 

(y.)  Volatile  oils  absorb  oxygen  gas,^  and  become  inodorous  and 
inspissatedf  both  in  bell  glasses  and  in  the  open  air.]; 

(k,)  Oiisy  depraved  by  age^  are  improved  by  redistilling  them  with 
fcaterj  especially  with  a  little  ether  or  alcohol ;  the  volatile  part  rises, 
and  the  resinous  remains. 

(/.)  Soluble  in  alcohol^  in  various  proportions;  the  solution  is  de- 
composed by  water ;  it  ^  becomes  milky,  and  the  oil  gradually  rises ; 
soluble  also  in  ether. 

Acids  act  with  more  energy  on  volatile  than  on  fixed  oUs. 

(m.)  The  stdphuric  generates  heat,  blackens  and  effervesces  with 
sulphurous  gas,  and  sometimes  produces  combustion ;  3  or  4  parts  of 
the  acid  and  I  of  the  oil  form  a  soapy  compound. 

(n.)  JSIttric  add^  tf  strongs  inflames  the  volatile  oUs^  especially  with 
j  or  j  of  sulphuric  acid,  (Vol.  I.  p.  450,  t;)  great  care  is  necessary. 

To.)  With  a  slower  Qction^  other  avoids  and  resin  are  formed;  in 
both  cases,  much  gas  is  evolved. 

(p.)  Muriatic  acid  gaSf  passed  through  oil  of  turpentine,  cooled 
by  salt  and  ice,  is  absorbed,  to  the  amount  of  %  of  the  weight  of  the 
oil,  and  being  drained  or  filtered^  affords  a  crystalline  substance  re- 
sembling camphor,  it  appears  to  be  a  compound  of  2  volumes  of  the 
acid  gas  and  3  of  the  vapor  of  the  oil.<^  It  smells  like  oil  of  turpen- 
tine and  muriatic  acid  gas,  and  is  nearly  identical  with  common  cam« 
phor,  which  Th^nard  supposes  may  be  a  compound  of  volatile  oil  and 
a  vegetable  acid. 

(9*)  Volatile  oils  detonate  by  friction  with  chlorate  ofpotassa,  and 
some  take  fire  in  chlorine  gas. 


t  Anise  seed  oil  absorbed  in  two  years  156  times  its  volume  of  oxygen  gin  and  pro- 
duced 56  volumes  of  carbonic  acid;  oil  of  lavender  absorbed,  52  volumes,  in  4  winter 
months,  and  gave  only  2  volumes  of  carbonic  acid. 

t  Hence  one  reason  why  paints  vitiate  the  air,  especially  when  they  contain  volatile 
oils,  as  oil  of  turpentine,  which  is  frequently  mixed  with  them ;  but  Dr.  Hare  sug- 
gests that  it  is  more  probable  that  some  of  the  paint  is  volatilized. 

t  Water  is  formed  and  benzoic  acid,  (or  crystals  resembling  it)  deposited;  and  the 
greater  part,  especially  in  the  sun*s  rays,  turns  into  a  resinous  body.  Camphor  is 
obtained  from  some  of  the  volatile  oils,  and'  intense  cold  causes  a  deposit  of  crystals, 
only  slightly  soluble  in  water,  as  has  been  already  stated  ;  dropped  on  boiling  water, 
their  odor  is  quickly  diffused  through  a  room. 

II  Ann.  do  Chim.  Vol.  61,  p.  270— Memoiresd'Arcueil,  Vol.  2,  p.  26,  and  Th^nard's 
€hem.  5th.  Ed.  Vol.  IV.  p.  92.  All  the  essential  oils  give  camphor  with  the  muriatic 
acid  gas  and  with  oil  of,  citron  it  is  solid. — o    l. 

Vol.  II.  56 
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r.)  Tkeg  combinef  rduetauibf^  by  long  trUuratiom  mih  fixed  al- 


kJi 


{».)  Liquid  ammonia  uniiesj  sparingly^  wiik  the  euential  oils; 
resulily  when  they  are  dissolved  b  dcol^. 

(I.)  Sulphur,  by  digestion^  produces  sulphurized  oil  whieh  is  yel- 
low or  brown  and  fetidy  and  is  often  called  balsam  of  sulphur. 

(i«»)  Phosphorus f  in  the  same  way,  gives, a  fetid  phosphorized  oS^ 
lumioous  in  the  dark,  and  which  causes  objects,  on  which  it  is  spread, 
to  shine.f  Potassium,  by  being  heated  m  volatile  oil,  becomes  po> 
taasa,  and  carbon  falls. 

(v,)  By  mucilage  or  sugar,  essential  oils  are  suspended  kt  water. 

Remarks. — ^Adulteration  of  other  oils  with  oil  of  turpentine  is  dis- 
covered by  the  smell,  when  tliey  are  rubbed  in  the  hands ;  if  de- 
praved by  alcohol,  they  become  milky  with  water,  and  if  by  fixed 
oils,  they  leave  J  a  greasy  spot  on  paper,  from  which,  when  heated,  a 
pure  volatile  oil  will  evaporate  and  leave  no  stain. 

By  long  exposure  to  the  air,  volatile  oik  approach  to  the  charac- 
ter of  resins. 

Oil  of  turpentine  is  tlie  most  important  of  these  oils ;  it  boils  at 
314^  or  316^  Fab.  and  a  second  distillatbn  is  necessary  to  its  purity. 
Among  the  other  oils,  those  best  known  are  oil  of  **  caraway,  cloyes, 
peppermint,  nutmeg,  anise,  lavender,  cinnamon,  and  citron." 

The  volatile  oils,  especially  that  of  turpentine,  are  used  in  forming 
varnishes;  in  medicine;  in  perfumes;  to  kill  insects;  to  Up  the 
wicks  of  candles  before  they  are  lighted,  &c. 

The  effluvia,  arising  fromfiouters  in  conseauence  of  the  volatile 
oils  which  they  exhale,  are  unhealthy  in  a  conjined  room. 

Volatile  oils  are  generally  composed  of  a  solid  and  ajluid  pari, 
which  may  be  separated  by  cold,  and  by  pressure  through  paper  ; 
this  fact  will  be  mentioned  again  under  the  animal  oils. 

The  citron  oil  is  very  efficient  in  removing  grease  spots  from 
cbthes  and  other  stufi. 

The  volatile  oils  are  too  numerous  to  be  cited ;  for  a  odious  ta- 
ble see  Aikins'  and  Nicholson's  Diet,  and  Thenard's  Chem.  Vol.  IV. 

Birch  oUis  sn  empyreumatic  oil,  prepared  in  Russia,  by  char- 
ring birch  wood  in  a  close  oven ;  the  oil  floats  on  an  acidulous 
liquor  that  comes  over ;  it  has  a  peculiar  smell  which  is  very  offensive 
to  insects,  and  hence  it  is  used  in  dressing  Russia  leather. — Aikins. 

For  a  notice  of  a  new  crystalline  substance,  obtained  from  oil  of 
turpentine  that  has  long  been  exposed  to  the  air,  see  Ann.  de  Cfa.  et 

*  Starke^i  soap  was  formed  by  oil  of  turpentine  or  oil  of  juniper  and  potaaia. 
Alktlies  and  alkaline  earths  have  a  peculiar  action  upon  oil  of  cloves.  (Ana.  de 
Ch.  et  de  Ph.  Vol.  XXXV,  p.  274.) 

t  The  sulphur  and  phosphorus  fall  in  cr>-stals  from  the  above  solutions 

t  As  already  observed,  p.  440,  (/.) 
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de  Ph.  Vol.  x^xi,  p.  442 ;  and  for  another  new  body,  from  oil  of 
orange  flowers,  see  id.  Vol.  xl,  p.  83. 

Sec.  XII. — Camphor. 

I.  Origin  and  natural  history. 

(a.)  Contained  in  many  aromatic  plants  and  essential  oUs  ;  most 
of  that  of  commerce  comes  from  Borneo  or  Sumatra,  and  is  extracted 
chiefly  from  the  Dryobalanops  Camphora^  a  large  wild  forest  tree, 
whose  leaves,  when  bruised,  emit  a  camphoric  odor. 

(6.)  The  camphor  is  found  concreted,  in  veins  and  vesicles,  in  the 
old  trees  of  the  above  species,  and  sometimes  forms  masses,  in  the 
heart,  of  from  12  to  18  inches  long ;  it  is  extracted  by  knives  or 
rasps,  and  purified  by  soap  and  water ;  the  younger  trees  yield  the 
camphor,  only  in  the  state  of  oil,  which  is  ultimately  converted  into 
the  solid  substance. 

In  Japan  and  China,  it  is  founds  ahhough  less  abundantly,  in  the 
ZMurus  Camphora. 

II.  Extraction,  from  the  Lauras  Camphdra. — The  roots^* 
branches,  kavesj  and  tvngs,  in  pieces,  are  suspended  in  a  net  over 
water  J  in  an  alembic,  whose  capital  contains  ropes  of  straw,  upon 
which  the  vapor  of  the  camphor ,  raised  by  the  steam  of  boiling  water, 
is  condensed  in  impure  semi-ciystalline  masses,  which  are  exported 
in  canisters,  under  the  name  of  crude  camphor.f 

III.  PURIFICATION.J 

(a.)  In  the  arts,  by  suilimation,^  in  pear  shaped  vessels  of  glass  ;|| 
placed  in  hot  sand,  the  mouths  being  loosely  stopped  by  a  coil  of 
paper,  which  should  be  moved  occasionally,  to  prevent  choking  and 
explosionlT  and  inflammation  of  the  volatilized  vapor,  which  some- 
times happen,  with  great  hazard  to  the  people  and  buildings. 

(6.)  The  camphor  boUs,  rises,  and  is  condensed  above,  and  the  ves- 
sel is  broken  to  get  out  the  product.** 

*  The  roots  are  said  to  afibrd  the  most  camphor. 

t  Other  aouree$.— Found  in  other  species  of  Lauras,  cinoamon,  sassafras  and  cas* 
sift ;  also,  io  the  flowers  of  Anemone  pratensis ;  in  the  roots  of  galangaie,  zedoary, 
and  ginger;  in  the  seeds  of  cardamom  and  long  pepper,  oriental  mint,  abrotanum, 
milfoil,  daisy,  juniper,  rosemary.  Salvia  camphorata,  lavender,  hyssop,  clary,  maud- 
iin,  marjoram,  &c. — Black. 

JEssential  oiU  afford  camphor  ;  it  has  been  extracted  from  those  of  juniper,  sage, 
hyssop,  thyme,  peppermint,  rosemary  and  lavender,  and  is  probably  contained  in 
them  all.  Slow  spontaneous  evaporation,  at  about  67^,  deposits  crystals  from  oil  of 
rosemary,  6.25  per  ct.;  oil  of  marjoram,  10.14  per  ct.;  oil  of  sage,  21.06  per  ct. ;  oU 
of  lavender,  25  per  ct. 

X  Formerly  an  art  kept  secret  by  the  Venetians,  and  afterward  by  the  Dutch.— 
The  camphor  may  be  dissolved  in  alcohol,  the  spirit  evaporated,  and  the  camphor 
melted  into  a  cake,  but  this  however  does  not  separate  the  resin. 

§  1  09}.  of  lime,  to  1  lb.  of  camphor,  is  added  to  detdn  the  oU,  but  it  is  said  no  ad- 
dition is  necessary. 

n  Neck  1  or  l|  inch  lottg,  aperture  about  1  inch,  about  4  high  and  11  in  diameter. 

If  See  Hembel's  Note,  Edin.  Encyc. 

*"  It  may  be  done  for  experiment,  in  a  Florence  flask. 
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Much  practical  skill  is  requisite,  to  preserve  the  vessel  at  the  proper 
temperature;  if  too  hot,  the  camphor  melts  and  fails  back;  if  too 
cold,  it  condenses  in  a  voluminous  snow,  instead  of  a  firm  cake ;  it 
should  be  kept  fluid.  Camphor  may  be  distilled  into  a  tinned  copper 
receiver,  made  in  hemispheres,  which  separate  and  thus  release  the 
cake.* 

IV.  Properties. 

(aA  Camphor  of  commerce  is  in  hemispherical  cakes, 

(i.)  fVhiUf  transparent,  granular,  foliated  or  striated;  slightly 
uneiuotu  ;  somewhat  tough  and  compressible ;  crumbles^  between  the 
fingers. 

(e.)  Odor  diffusive^  penetrating,  fragrant,  peculiar,  and  bighlj 
refreshing  ;  taste  warm,  and  rather  bitter. 


(d.)  So,  gr,  0.91>9 ;  it  just  floats  on  water. 


^ery  volatile,  by  sublimation,  crystallizes  in  hexagonal  plates, 
or  pyramids,  evaporates,  and  in  time  is  lost  in  the  air.f  It  is  volatil- 
ized in  the  shop  windows  and  crystallizes  in  the  upper  part  of  the  jar. 
By  exposure,  an  angular  fragment  becomes  round  ;  between  10(P 
and  150^  it  sublimes  in  close  vessels,  unchanged. 

(/.)  Fusing  point  302^  F.  It  maintains  the  ignition  of  a  platinum 
wire,  in  the  same  manner  as  ether  or  alcohol. 

(jg,)  Bums  vividly,  with  little  or  no  residuum,  much  smoke  and 
white  homogeneous  light.| 

(L)  More  brilliantly  still  in  oxygen  gas,  producing  carbonic  and 
camphoric  acid.^ 

(i,)  Composition : — vaporized  through  an  ignited  tube,  it  is  decom- 
posea,  producing  carburetted  hydrogen,  carbonic  acid,  &c.  Accor- 
ding to  Dr.  Ure,  its  constituents  are. 

Carbon       10  equiv.    -         -         -       60         78.02 
Oxygen,       l  -         -         -  8         10.40 

Hydrogen,  9  -        -        -         9         11.53 

77        100. 
(j\)  Pieces  of  camphor  floating  on  water,  are  readily  kindled  and 
bum  a  long  time,  leaving  a  dish-shaped  mass;  if  small  they  move  wik 
rapidity,  owing  to  a  solution,  at  the  line  of  junction  between  the  cam- 


*  Add.  dc.  Ch.  et  de  Ph.  Tol.  XVIll.  p.  78. 

t  Powdered  camphor,  ipread  thin,  loses  not  over  60  pr.  ct  at  62^  in  16  weeks;  but 
the  ratio  of  volatilizatioQ  is  very  rapidly  increased  by  increase  of  temperature:  it» 
more  rapid  in  a  moist  than  in  a  dry  air.  . 

X  Which  is  Mid  by  Dr.  Black  (Lectures)  to  "  consist  of  the  same  proportion  ot 
colored  rays  with  that  of  the  sun,  and  that  all  delicate  colors  which  appear  difiereot 
by  candle  light  appear  of  the  proper  color  when  illuminated  by  camphor." 

§  If  done  in  a  glass  globe  over  water,  the  latter  is  impregnated  with  the  add  and 
inth  camphor. 
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phor,  air  and  water,  where,  an  oily  liquor  produces  these  motions  me- 
chanicaHy^  as  appears  from  the  fact  mat  the  camphor  dissolves,  and 
a  cylinder  of  it  partially  immersed,  is  cut  through  at  this  line ;  a  drop 
of  oil  on  the  water,  stops  the  currents. 

(*.)  Water  has  little  acdon,  but  by  trituration  and  heat,  it  takes  up 
enough  to  acquire  both  taste  and  smdl;  mucilage  and  sugar  enable 
toater  to  suspend  camphor,  in  a  kind  of  emulsion. 

{L)  Alcohol  is  its  most  effectual  solvent ;  in  the  cold,  it  dissolves 
4  or  I ;  if  boiling,  i  or  |  ofits  weight,  and  most  of  the  excess  is  de- 
posited again  on  cooling  ;  the  solution  is  acrid  and  even  caustic. 

This  is  the  usual  medicinal  solution. 

(m.)  Brandy  or  alcohol,  saturated  with  camphor,  deposits,  by  mere 
natural  changes  of  temperature,  even  in  close  vessels,  beautiful  plu- 
mose crystals,  as  in  the  weather  glasses ;  they  appear  and  disappear. 

I(n.)  The  spiritous  solution  is  decomposed  by  water ;  if  added 
slowly,  the  camphor  crystallizes  dendritically.'^ 

(o.)  Camphorized  alcohol  and  sulphuric  acid,  distilled  in  equal 
quantities,  give  camphorized  ether. 

(p.)  Camphor  is  soluble  in  sulphuric  ether,  and  probably  in  all 
the  other  ethers ;  water  separates  it. 

{q.)  OUsj  expressed,  volatile  and  empyreumatic,  combine  with 
camjpnor, 

(r.)  Resins  and  balsams  are  thus  converted  into  soft  masses,  that 
are  very  soluble  in  alcohol,  and  even  copal  is  thus  dissolved. 

AciDs. 

(a.)  Carbonic  add,  in  ^ooth*s  or  other  similar  apparatus,  dis- 
solves camphor  in  considerable  quantity,  and  forms  a  powerful  cam- 
phorated water,  used  in  fevers  and  mania ;  it  gives  a  good  solution  of 
camphor,  without  alcohol. 

(6.)  Acetic,  fluoric,  and  muriatic  acids,  dissolve  a  considerable 
proportion  of  camphor,  but  it  is  precipitated  by  water.  It  has  been 
already  mentioned,  that  camphor  is  produced  by  the  action  of  muri- 
atic acid  gas  upon  oil  of  turpentine. 

(c.)  Strong  sulphuric  acid  dissolves  camphor  largely,  even  in  the 
cold  ;  the  compound  is  soluble  in  alcohol,  but  water  precipitates  the 
camphor,  little  altered. 

(a.)  Cold  nitric  add  acts  in  the  same  manner,  and  the  solution 
shews  two  distinct  fluids,  the  upper  yellow,  apd  oily,  called  acid  oil  of 
camphor ;  it  is  soluble  in  alcohol,  but  the  camphor  is  precipitated  by 
water  and  alkalies ;  the  other  is  a  watery  mixture  of  camphoric 


*  The  spiritous  solution  dropped  Into  water  precipitates  the  camphor,  but  if  agi- 
tated with  considerable  water,  it  is  immediately  re-dissolved,  and  is  thus  talcen  in- 
teraally. 
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and  BiCric  aeids.     Nitric  acid  converts  camphor  into  an  acid  called 
the  camphoric. 

y.  Uses  OF  CAMPHOR. — ^ReviviDg  and  refreahing  irom  its  odor ; 
stupefies  and  kills  insects,  and  therefore  used  to  protect  animal  pre- 
parations b  museums.  Externally  used  as  a  <fiscutient ;  disscrfved 
ui  acetic  acid  with  some  essential  oil,  it  forms  the  arooiatic  vio^ar ; 
it  aids  in  dissolving  copal.  Internally,  it  is  a  narcotic,  antispasmodie 
stimulant,  antiseptic,  diaphoretic  and  diuretic;  in  ointments,  it  re- 
moves rheumatic  pains ;  used  in  mania ;  procures  deep,  when  noth- 
ing else  will. 

Destructive  dUtUlatian. — ^Balls  made  of  i  part  of  camphor  and  6  of 
moist  clay,*  distilled  in  a  retort,  yield  a  volatile  oil ;  camfrf»r  is  closely 
assimilated  to  the  volatile  oils  by  being  ^^  odorous,  pungent,  volatile, 
inflammable,  sparingly  soluUe  in  water,  and  abundantly  in  alcohol ;" 
like  them  it  is  wholly  unfit  for  food ;  it  is  even  dangerous  or  fand  if 
taken  in  too  large  a  quantity,  but  it  is  a  valuable  article  of  the  naateria 
medica. 

Sec.  Xin.— Tannin. 

I.  OnioiN.— -The  name  alludes  to  the  process  of  tannmg,  in  which 
this  principle  is  the  active  agent. 

(a.)  Tannia  exists  in  the  ctstringent  vegetables;  oak  bark,  gaD 
nut,  willow,  chesnut,  sumach,  hc»  and  is  usually  associated  with  gallic 
acid. 

(&.)  Tannin  is  found  in  the  bark  of  most  trees.  Terra  japonica  or 
catechu,  which  is  the  inspissated  Juice  of  the  Mimosa  eatechuy  con- 
sists principally  of  tannin;  it  is  found  also  in  kino  and  cinchona;  in 
catechu  there  is  54.5  tannin,  34  extract,  65  mucilage,  &c. 

n.  Processes.^ — Berzelius.^ 

(a.)  This  is  complicated  but  seems  to  be  the  best  knoum.\\  In  the 
gall  nut,  tannin  is  combined  with  a  little  gallic  acid ;  the  gall  nut  con- 
tains also  compounds  of  tannin  and  gallic  acid  with  both  these  princi- 
ples united  to  potassa  and  lime,  besides  tannin,  in  that  modified  state 
in  which  it  is  called  extract ;  there  is  likewise  a  compound  of  tannin 
with  probably  the  pectic  acid. 

Sulphuric  acid  and  potassa  are  the  best  reaeents  for  preparing 
tannin.  To  a  hot  infusion  of  the  gall  nuty  add  a  tittle  weak  sulphuric 
acid;  a  coagulum  of  tan  and  extract  is  separated  by  the  filter,  and  to 

*  Thtt  it  may  not  be  volatilized  before  it  is  decomposed. 

t  In  the  original  experiment  of  the  discoverer,  Seguio,  the  tannin  was  precipitated 
by  a  solution  of  animal  gelatine ;  but  this  is  a  compound  of  the  two  and  it  will  be 
mentioned  again  in  the  history  of  gelatine. 

i  Ana.  de  Ch.  et  de  Ph.  Vol.  XXXVII,  p.  885. 

j|  The  general  student  may  pass  to  c  and  d,  which  are  more  simple. 
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the  fihered  fluid  add,  by  degrees  and  widi  agitation,  sulphuric  acid 
with  as  much  water,  till,  after  the  rest  of  an  hour,  a  semi-fluid  glu- 
tinous mass  appears :  decant  and  add  more  sulphuric  acid  to  the  fluid, 
till  precipitation  ceases,  and  thus  a  yellowish  white  compound  of  the 
acid  and  tannin  is  obtained,  which  is  insoluble  in  weak  acids.  Being  ^ 
washed  on  a  filter,  with  water  containing  much  sulphuric  acid,  and' 
pressed  between  folds  of  unsized  paper,  it  is  .then  dissdved  in  pure 
water,  which  becomes  pale  yellow ;  powdered  carbonate  of  lead,  af- 
ter a  little  while,  removes  the  sulphuric  acid,  both  the  mixed  and 
combined,  and  the  filtered  liquor  is  deep  yellow ;  the  filtered  fluid  is 
evaporated  to  drjmess,  (best  in  a  vacuum,)  and  the  resulting  hard, 
brownish,  yeUow  mass,  contains  the  tan,  mixed  with  extract.  It  is 
pulverized  and  digested  with  ether,  as  long  as  it  dissolves  any  thing. 
The  ether  is  evaporated  spontaneously,  and  leaves  a  transparent  mass 
with  a  yellowish  tinge,-unalterable  in  the  air ;  and  a  brown  extract 
insoluble  in  ether,  and  not  endrely  sduble  in  water,  remains. 

(6.)  Precipitate  a  strong  infusion  of  galUj  by  carbonate  of  po- 
taua^  pot  in  excess,  lest  the  precipitate  should  be  dissolved ;  wash 
this  white  matter  with  ice  cold  water,  and  dissolve  it  in  weak  acetic 
acid,  which  leaves  a  brown  extract  formed  by  the  air ;  from  the  fil** 
tered  solution  the  tan  is  thrown  down  by  acetate  of  lead  ;  the  precip- 
itate, being  well  washed  with  water,  passes  from  white  to  yellow,  and 
is  then  decomposed  by  sulphuretted  hydrogen.  The  filtered  liquor 
is  colorless,  and  being  evaporated,  in  a  vacuum,  with  the  aid  of  po- 
tassa,  leaves  the  tannin  in  hard  scales,  slightly  yeDow  and  transpa- 
rent, and  becoming  brown  by  exposure  to  air  and  light ;  ether  dis- 
solves the  tannin  and  leaves  the  extract.  Although  the  troublesome 
processes  now  stated,  have  superseded  those  that  were  before  in  use, 
it  may  be  well  to  mention  some  of  the  latter,  as  general  illustrations 
of  the  nature  of  tannin,  as  it  commonly  appears,  blended  with  other 
principles. 

(c.)  Add  muriate  of  tin  to  a  decoction  of  galls,  wash  the  precipi- 
tate, diffuse  it  in  water,  precipitate  the  tin  by  sulphuretted  hydrogen ; 
the  tannin  will  be  dissolved,  and  on  evaporation,  will  afford  a  dry, 
brown,  bitter  mass,  like  aloes,  which,  when  re-dissolved,  precipitates 
gelatine.* 

(d.)  The  sulphuric  and  muriatic  acids,  and  ihe  latter  especially, 
promptly  precipitate  tanning  from  a  strong  infusion  of  galls ;  the  pre- 
cipitate is  washed  in  cold,  and  dissolved  in  hot  water ;  the  acid  is 
separated  by  an  alkaline  carbonate,  and  washed  with  cold  water ;  the 
residuary  tannin  may  contain  extract  and  gallic  acid. 


*  The  tannin  thus  obtained  is  much  altered  in  its  properties,  and  is  not  pure, 
t  Very  well  for  a  class  experiment. 
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(e.)  The  simfiesAproceashioprecipUaie  the  tannm  by  I 

dissolve  out  the  lime  by  nitric  or  muriatic  acid,  and  wash  the  precip- 
itate with  cold  water. 

(/.)  Or  J  digest  the  dry  aqueous  extract  of  galls  in  alcohol^  tiD  it 
dissolves  nothing  more ;  the  residue  is  tanmn^  tolerably  pure.* 

III.   Properties  of  tannin. 

(a.)  Brittle^  pulverizable,  colorless;  when  brown,  it  is  due  to  the 
action  of  tbe  air:  astringent;  resinous  fracture;  cannot  be  mamUed 
between  the  fingers. 


{b.)  J^ot  deliquescent^  but  very  soluble  in  water. 


Insoluble  in  pure  alcohol^  but  soluble  in  it,  e.  g.  of  tbe  sp.  gr. 
•818,  when  it  contains  j\  water;  soluble  in  ether  espedaUy  if  warm; 
this  fact  is  remarkable,  as  being  the  foundauon  of  the  method  of  ob- 
taining it  pure. 

{d.)  The  impure  tannin  combines  with  oxygen^  and  a  pellicle  is 
thus  formed  over  the  infusion  of  galls;  its  properties  are  thus  altered, 
and  what  is  called  extract  is  inspissated  in  the  same  manner. 

(e.)  The  adds,  except  the  acetic,  throw  it  doum,  from  its  aqueous 
solution;  the  precipitate  b  soluble  in  hot  water,  and  falls  on  codii^; 
its  taste  is  not  acrid  but  astringent. 

(/•}  The  action  of  the  sulphuric  and  muriatic  acids  has  been  al- 
ready mentioned. 

ig.)  Strong  nitric  add  decomposes  the  solution^  which  is  turbid  at 
first,  then  of  a  clear  orange  color;  the  diluted  acid  gives  a  precipitate. 

(A.)  Alkalies  and  alkaline  carbonates  partly  precipitate  ana  ccmh 
bine  with  tannin^-f  then  redissolve  it ;  tannin,  while  thus  combined, 
has  no  action  on  gelatine,  till  saturated  with  an  acid. 

(f.)  Alkaline  earths  and  their  carbonates  form  compounds  of  spar- 
ing solubility;  the  precipitate  is  said  to  be  green.  . 

(7.)  Several  neutral  salts,  as  nitrate  of  potassa,  muriate  of  baryta, 
muriate  of  soda,  Sic.  precipitate  tannin. 

(A.)  Several  metallic  salts  precipitate  it ;  as  acetate  of  lead,  which 
throws  it  down  gray;  nitrate  of  mercury,  yelbw;  sulphate  of  man- 
ganese, green :  be. 

(/.)  Its  action  on  the  salts  of  iron  and  especially  the  sulphate,  it 
most  peculiar,  and  has  been  explained  under  iron ;  with  its  peroxide, 
or  with  a  mixture  of  that  and  the  protoxide,  it  produces  ink  and  the 
black  dye. 

(m.)  Tartar  emetic  is  decomposed  by  tan  of  oak  bark,  which  takes 
the  place  of  the  antimony,  and  if  we  use  the  infusion  of  galls,  tbe 
gallic  acid  forms  a  gallate  of  antimony,  in  fine  scales;  tliese  effects  are 


*  Thomson,  (Edin.  Encyc.) 

1  These  compounds  are  nov7  called  tannates,  but,  hn  it  appears  to  me,  improperly. 
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probably  owing  as  much  to  the  tannm  as  to  the  g&lHc  acidt  for  the 
black  color  is  produced  by  infusion  of  nut  gallsi  after  the  gallic  acid 
has  been  all  abstracted. 

(n.^  T%e  most  characteristic  property  of  tannin  is  to  precipitate 
gdattne  ;  this  will  be  mentioned  again.  One  hundred  grains  of  the 
precipitate  contain  54  of  gelatine  and  46  of  tannin. 

(o.)  Tannin  forms  with  fecuhf  a  compound^  sparingly  soluble  in 
cold  but  very  solubk  in  hoi  ioater;  with  gluten,  an  insoluble  pre* 
cipitate. 

(p.)  Composition. — This  is  not  w3l  tinderstood^  and  obviously 
cannot  be,  as  long  as  we  are  not  certain  that  we  have  yet  obtained  tan- 
nin pure.  Berzelius  stated  its  composition  as  being  carbon  50.65» 
oxygen  45,  and  hydrogen  4.45;  corresponding  with  6  equiv*  of  car* 
bon=:36+4  of  oxygen=324-3  of  hydrogen,  . 3^=^71 ;  but  it  is 
observed,  that  this  does  not  correspond  with  the  analysis  of  the  com- 
pound of  tannin  and  oxide  of  lead.— Vtfurray. 

Miscellaneous. — ^Tannin  is  found  in  sumach,  bistort,  tormentil^ 
rhubarb,  squill,  whordeberry,  several  species  of  pine,  the  acacias,  the 
the  seed  of  grapes,  in  willow,  elm,  &c. — M.  It  is  most  abundant  in 
the  inner  bark ;  in  young  trees  the  middle  bark  contains  less,  atid  the 
epidermis  very  little.  Tannin  with  gsUic  acid  is  found  in  tea,  and  in 
all  astringent  vegetables. 

An  infusbn  of  galls,  exposed  to  the  air,  gradually  loses  its  tannin,* 
which  is  apparendy  converted  into  gallic  acid,  tlie  proportion  of  which 
is  in  this  manner  much  increased.  Great  abundance  of  tannin  ex*" 
ists  m  hemlock  bark,  which  is  much  used  in  this  countiy  in  tanning ; 
both  the  wood  and  the  bark  of  the  chesnutf  have  been  used  for  the 
same  purpose. 

Infusion  and  tincture  of  galls  are  constant  agents  in  the  hands  of 
the  chemist;  they  afford  valuable  indications,  especially  in  relation  to 
the  metals ;  it  is  obvious  however,  that  we  do  not  in  these  cases  empkj 
pure  reagents,  but  compounds  and  mixtures  of  several  principles. 

Abtificial  tannin.]; — Tannin  may  be  formed^  artificiaOy^  by  the 
action  of  nitric  acid  on  cocd^  bitumens  and  charcoaL  Take  1 00  grs.  of 
powdered  charcoal  with  1  oz.  of  the  acid,  sp.  gr.  1 .4  diluted  with  2  ob» 
of  water,  fresh  portbns  being  added  as  it  is  dissipated  cv  decomposed ; 
in  a  few  days,  a  brown  solution  is  obtained,  which  by  evaporation  to 
dryness,  gives  tannin ;  100  grs.  of  vegetable  charcoal  produce  1 14  grs. 
of  this  matter.  Particular  substances  give  tannin  more  easily  after  be- 
ing charred  than  before.    Tliis  is  the  case  even  if  charred  by  sul- 


*  A  saturated  decoction  of  galls,  on  cooling,  deposits  a  copious  precipitate  of  tannin. 

t  See  Am.  Jour.  Vol.  I,  p.  812. 

i  See  Mr.  Hatchett's  papers,  Phil.  Trans.  1805—6. 
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pburic  acid,  and  this  acid  iuelf  forms  tannin  by  digestioQ  on  resins,  bal- 
sams, camphor,  oi)  of  turpentine,  linseed  oil,  olive  oil,  and  wax  ;  the 
residuum  being  washed  and  digested  in  alcohol,  tannmg  matter  is 
extracted. 

Almost  every  vegetable  substance,  even  without  previous  charring 
will  produce  tannin  by  repeated  digestion  with  nitric  acid*^  it  has 
been  thus  procured  from  several  gum  resins,  from  the  balsams,  iiH&- 
go,  be.    Arti6cial  tan  is  free  from  gallic  acid,  and  from  extract. 

For  the  different  varieties  of  arti6cia]  tannb  see  Mr.  Hatchett's 
papers*  and  Murray's  abstract.f 

For  the  art  of  tanning  see  Gelatine ;  for  ink  see  Iron,  and  the  actkxi 
of  its  sulphate  on  tannin  and  Gallic  acid. 

Sec.  XIV. — ^Wood  or  lignin. — ^Woodt  fibre. 

I.  Nature  and  extraction. 

(a.)  It  iff  the  basis  of  woodj  the  skeleton^  not  only  of  the  firm  parts^ 
but  also  of  the  bark  and  leaves  :  after  alcohol,  water  and  weak  acids 
and  alkalies  have  been  successively  applied,  to  the  skeleton,  lignin 
forms  97  per.  cent,  of  its  weight. 

{b.\  The  texture  is  fibrous^  and  the  interstices  are  filled  with  the 
pecuhar  juices  and  principles  of  plants,  as  essential  oils,  sugar,  mu- 
cilage, resins,  &c. 

(e.)  To  extract  all  the  soluble  portions  of  wood  it  must  &e  previ- 
ously pulverized^  or  bruised  and  then  baiied^  alternately,  tn  ateohol^ 
UHUerAand  dilute  muriatic  add.^ 

n.  Properties. 

(a.)  FibrouSf  white^  partially  transparent,  tasteless^  inodorous^  tm- 
alterable  in  the  air,  insoluble  even  in  boiling  water  or  alcohol.  Sp. 
gr.  1.48  to  1.52 ;  still,  on  account  of  its  porousness,  it  floats. 

(&.)  Permanent  in  a  dry  atr,  but  moisture  decomposes  i^,  with  ex- 
treme slowness,  however,  if  air  be  excluded ;  more  rapidly  if  admit- 
ted, carbon  being  left  in  the  form  of  a  black  mould ;  carbonic  add  is 
formed  and  oxygen  gas  is  consumed. 

(c.)  Fixed  oUmUcSj  with  heaty  soften  and  partially  dissolve  and  de- 
compose lignin j\\  and  become  colored  and  also  impart  color. 

(d.)  Sulphuric  add  chars  lignin;  if  it  is  mixed  and  agitated  with 
this  acid  and  water,  a  black  powder  falls ;  the  filtered  fluid  is  saturated 
with  carbonate  of  lime,  and  a  gum  similar  to  gum  arable  is  obtained.lT 

*  Phil.  Trans.  1805,  and  1806.  t  Elements  and  System. 

t  ft  is  very  difficult  to  free  wood  from  extractive  matter  by  maceration  in  water ; 
indeed  it  appears  to  form  it  by  a  peculiar  action,  as  some  of  it  can  always  be  obtained 
by  evaporating  the  water  that  has  acted  on  wood. 
'    §  To  remove  the  calcareous  salts. 

II  Cold  water  dissolves  this  matter  and  if  the  alkali  is  {saturated  by  an  acid,  a  sub- 
stance falls  resembling  ulmin.    Ann.  Phil.  Vol.  xvi,  p.  92,  and  h. 

IF  H.  and  Ann.  Phil.  Vol.  xvi,  p.  90. 
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(e.)  ^Ittrie  acid  turns  it  yeUow;  if  in  large  quantity,  it  evolves  ni- 
trogen, and  the  wood  is  converted  into  oxalic  acid  with  some  malic  and 
acetic. 

(/.)  Heated*  in  dose  vessels  it  yields  various  volatile  products; 
pyroligneous  acidf  a  red  pungent  liquor,  empyreumatic  oil,  carburet- 
ted  hydrogen  and  carbonic  acid  gas  and  ammonia,  combmed  with 
acid ;  charcoal  remains  of  an  excellent  quality. — ^Vol.  I,  p.  356. 

(g.)  In  the  distillation  of  wood  on  a  large  scale^  a  fluid  has  been  ob^ 
tained^  resembling  alcohol,  in  some  respects,  and  which  is  called pyrox^ 
ilic  spirit.  Its  odor  is  pungent  and  like  that  of  ether  and  peppermint ; 
it  is  colorless  and  tranq|)arent;  taste  disagreeable;  sp.  gr.  after  dis- 
tilladonfrom  muriate  of  lime,  .828  or  .812;  boils  at  150^  F.;  flame 
blue  ;  bums  without  residuum ;  dissolved  by  camphor.  It  is  compos- 
ed of  carbon  6  equiv.,  oxygen  4,  hydrogen  7.1 


Frequent  maceration  and  boiling  remove  every  thing 
m  water;  the  wood  is  then  pulverized  and  repeatedly  baked  in 
an  oven,  and  ground,  when  it  smells  like  com  flour ;  it  ferments  with 
a  leaven  of  com  flour  and  affords  a  spon^  uniform  bread  with 
much  crust.  The  flour  of  wood,  by  boiling  m  water,  forms  a  nutri- 
tious jelly  like  that  of  the  wheat  starch:  || 

(t.)  In  the  open  air^  lignin  bums  ufith  flame,  blackens,  exhales  acrid 
vapors  of  acid  and  oil  and  bums,  leaving  a  litde  ashes  consisting 
chiefly  of  carbonate  and  sulphate  of  potassa  and  lime,  muriate  of 
potassa,  and  phosphate  of  magnesia  and  lime,  and  also  portions  of 
earths  and  metals,  particularly  iron  and  mancanese.lT — Murray. 

(j.)  An  ammontacal  salt  is  always  found  tn  the  soot  of  a  chimney^      . 
and  in  the  combustion  of  fuel,  water  and  carbonic  acid  are  formed  ; 
from  burning  wood,  arise  pyroligneous  acid  and  empyreumatic  oil ;  ni- 
trogen from  the  air,  and  charcoal  and  ashes  from  the  fuel  are  carried 
up  in  the  current,  and,  along  with  vapor  of  water,  oil  and  acid,  give 


*  This  distillation  is  performed,  in  the  large  way,  in  preparing  charcoal  for  the 
manufactfire  of  gun  powder :  the  charcoal  is  leas  in  bulk  than  ue  wood,  Vol.  I, 
p.  467. 

t  See  Acetic  acid.  The  pyroligneous  acid  obtained  for  the  calico  printers,  &c.  is 
always  distilled  from  wood,  unprepared,  and  therefore  may  contain  all  volatile  pro- 
ducts that  are  again  oondensible  into  the  liquid  state. 

\  It  differs  in  compo«ition  and  properties,  from  the  pyro-acetic  spirit  obtained  by 
Mr.  Chenevix  by  distilling  the  acetates  of  manganese,  zinc  and  lead.  Ann.  Philos. 
N.  S.  Vol.  VIII.  p.  69.  Eog.  Quart.  Jour.  Vol.  ziv,  p.  436.    k.  and  t. 

iPhil.  Trans.  1827,  p.  381. 
These  facts  are  highly  instructive  as  shewing  the  close  connexion  which  sub- 
sists between  the  different  vegetable  principles,  since  even  wood  can  be  turned  in- 
to bread.  % 
f  These  products  are  variable  according  to  the  soU  in  which  the  wood  grew^  &c. 
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the  edor  to  tb«  moke )  gsseous  oxide  of  carbon  is  ako  fimoed,  and 
no  doubt  Torieiies  of  hydrogen  and  oils  are  volatilized,  in  aoine  d^ree, 
without  being  burned ;  the  color  of  the  soot  appears  to  be  derived* 
from  carbon  made  adhesive  to  the  chimney  by  the  oils  of  the  wood. 

Caibon.  Ozyi^en.  Hydrogeo. 

100  oak  afford           52.53  41.78  5.69 

beech                 61.46  42.73  6.82t 
and  this  corresponds  very  nearly  with 

Carbon,         -        •>    7  equivalents^     42  63.86 

Oxygen,        .        •    4        «  32  41.02 

Hydrogen,    -        -    4        "  4  6.12 

78       100. 
The  results  obtained  by  Dr.  Prout  corresponded  very  nearly  with 
the  above.    The  oxygen  and  hydrogen  are  in  the  proportions  to  ibrm 
water. 

APPENDIX  TO  UGNIN. 
COBX  OR  SUBBB. 

MtiifuU  terimn  thai  tt>rk  it  a  dittinei  v%getabU  ftincifU;  k  k 
perhaps  only  a  variety  of  the  woody  fibre,  Irat  it  has  some  peculiar 
properties. 

I.  Oaioiif. — It  %$  the  bark  of  an  evergreen  oak^  the  Quercue  S^her^ 
which  grows  in  the  soudiem  parts  of  Europe,  on  the  Mediterranean.1 
It  is  stripped  off,  every  two  or  three  years,  m  masses  of  two  or  three 
indies  thick ;  it  is  scorched,  to  soften  it,  and  is  then  pressed  flat  be^ 
tween  two  heavy  planks,  till  cokl. 

II.  PBOPEBTIBS. 

(a.)  lAght  broum  &r  yeUow^  fine  epongy  texture;  very  eofi^  bvt 
requires  Men  imtruments  to  cut  it ;  if  ddl,  they  (wly  tear  it ;  it  is 
bigMy  elastic.  Sp.  gr.  0.24 ;  faint  and  peculiar  aromatic  odor,  al- 
most tasteless. 

(i.)  Very  inflammable ;  burns  with  a  large  yellow  flame,  and 
leavee  a  bvlky  soft  charcoal. 

(c.)  WateTf  in  a  digester^  extracted  the  aromaiic  principle  and  some 
Siceiic  addj  whieh  distilled  over  ;^  while  in  the  water  there  remain- 


*  According  to  BracooDot,  (Ann.  do  Ckioa.  et  do  Phys.  Vol.  zxxi.  p.  67;)  ooot  ba 
vai7  complez  product;  amonf  the  particular!  of  which,  Iom  Uian  4  pr.  ct  of  carixm, 
and  carbonaceooa  matter,  insoluble  in  alkalies,  8.86,  are  enumerated ;  there  are  SO  of 
ulmin,  20  of  anlaalized  matter,  14.06  of  carbonate  of  lime,  water  12.60,  acetate  of 
lime  6.66 ;  sulphate  of  lime  6,  acetate  of  potassa  4.10,  phosphate  of  lime  wMh  Iron 
1.60,  earths,  saha,  Sio.  in  small  fractions.  t  Gay-Lussac  and  Th^nard. 

1 1  have  seen  it  growing,  in  Kew  Gardens,  in  England. 

§  The  digester  was  of  a  peculiar  construction,  having  a  tube  and  an  adopter  with 
a  receirar,  and  Woul&'s  bottles.    Chevreul,  Ann.  de  Ch.  Vol.  zcvi,  p.  141. 
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ed  coloring  imtter ;  two  acids,  of  which  one  was  the  gaOic  and  an 
astringent  gallate  of  iron. 

(rf.)  20  parts  of  cork,  thus  treated,  left  17,15,  and  after  the  diges- 
tion with  alcohol,  there  remained  14  parts  undissolved,  and  this  is 
what  is  caUed  suber  ;*  the  matters  extracted  by  the  alcohol  were 
resin,  cerin,  and  a  peculiar  oiL 

(e.)  Cork,  acted  upon  bj  nitric  acid,  afibrds  an  acid  to  which  the 
name  of  the  suberic  has  been  given. 

If  this  acid  be  a  peculiar  one,  which  has  been  alternately  admitted 
and  denied, I  it  appears  to  possess  little  interest  for  the  general  stu- 
dent§  It  is  white,  pulverulent  like  starch,  crystallizable  and  volad- 
lizable ;  on  burning  coals  it  has  the  odor  of  suet ;  it  sublimes  in  a  re- 
tort and  is  condensed  again  in  delicate  white  needles ;  nitric  acid 
converts  it  into  oxalic. 

(/.)  Flax,  cotton,  hemp  and,  of  course,  paper  are  merely  varieties 
of  vegetable  fibre  or  lignin. 

Sec.  XV. — Coloring  butteb. 

Remarks. 

1.  Most  ofthefactSy  under  this  heady  are  interesting  chiefly  to  the 
arts  J  and  only  a  few  of  them  are  appropriate  to  elementary  chemistry. 
The  art  of  dyeing  depends  on  chemical  principles^  but  its  details  can- 
not be  embraced  in  a  work  like  the  present. 

2.  Coloring  matter  cannot  be  regarded  as  a  distinct  proximate 
principle  ;  color  is  a  secondary  quality  of  bodies,  and  may  be  as- 
^ciated  with  various  principles. 

3.  Stilly  as  innumerable  and  vivid  colors  exist  among  vegetahUs  ; 
as  they  are  soluble  in  various  fluids  and  can  be  precipitated  and  fixed 
in  other  substances;  are  capable  of  combination  with  one  another,  and 
can  be  modified,  altered  and  destroyed  ;  it  is  useful  to  arrange  the 
prominent  facts,  and  to  deduce  from  them  certain  general  principles. 
A  selection  is  all  that  can  be  attempted,  with  propriety  or  advantage. 

4.  We  can  scarcely  say  upon  what  modification  of  matter  vege- 
table color  depends;  it  evidently  does  not,  as  in  the  mineral  kingdom. 


*  Mr.  Chevreul  d«Bcribe0  cork,  "  oomme  un  tiara  cellulaire  dont  les  carities  con- 
tieDnent  dM  matieres  astringent,  coloraBtes  et  resineae  ou  builausea ;"  thia  corre- 
Bpands  p^rfectty  with  Hgneoua  fibre  in  which  there  are  foreign  principles  lodged. 

t  "  Suberic  acid  is  merely  gallic  acid  converted  by  nitrous  acid  into  oxalic  acid, 
and  combined  with  a  Hitle  resinous  extract,  and  the  suber  of  Fourcroy  consists  of 
▼egetaMe  fibre  in  a  very  loose  state,  mixed  with  resinous  and  extractive  matter, 
and  a  little  tannin  and  gallic  acid." — Jiikiiu*  Diet, 

\  See  Chevreul'^s  reeraoirs,  Th^nard's  Chem.  &c- 
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arite  Meftyfrcm  meialif  because  metals  exist,  among  vegetables,  onijr 
in  very  trifling  quantities.* 

5.  Some  of  die  metals,  which  produce  fine  colors  in  the  mineral 
kingdom,  have  never  been  detected  in  the  vegetable,  as  nickel  and 
chrome. 

6.  It  is  not  impossible,  that  the  colort  of  vegetables  may  depend 
upon  tome  peculiar  arrangement  of  vegetable  matter  itself,  and  it  b 
just  as  probable,  a  priori,  that  color  sho^d  be  produced  by  particular 
modifications  of  vegetable,  as  of  mineral  matter. 

DreiNG.f 

(a.)  V^egetable  coloring  matter  i$  usually  found  untk  other  jnin- 
eiplesj  in  the  leaves,  flowers,  root,  bark,  stem,  fniit,  husks,  &ic. ;  it  is 
rendered  soluble  by  various  agents,  according  as  it  is  associated  with 
extractive  matter,  gum,  farina  or  resin. 

(6.)  Instances,  Log  wood,  Brazil  wood,  madder^  weld,  querckrouj 
turmeric,  yield  their  coloring  matter  to  water ;  indigo  is  t&Jcen  up  by 
sulphuric  acid ;  the  coloring  matter  of  lac  by  alcohol ;  that  of  alka- 
net  root  by  oils,  essential  or  expressed. 

(c.)  It  is  the  object  of  the  art  of  dyeing  to  take  up  colors  and  fir 
thm^  chiefly  in  wool,  silk,  linen,  hemp  or  cotton. 

Principles  of  dt£ing4 

(A.)  Dteino  depends  on  a  chemical  affinitt  between  the 
coloring  matter  and  the  fibres  of  the  stufl!s,  or  some  bases  with  which 
they  are  impregnated. 

(A.)  Generauyj  u*ool  has  the  strongest  affinity  for  color;  sOk  and 
other  animal  matters  are  next,  then  hemp  and  flax ;  but  substances 
which  take  color  the  easiest  do  not  always  retain  it  the  longest. 

(c.)  Those  colors  which  form  a  permanent  union  with  stuffs^  with- 
out any  intermedium,  are  called  substantive  colors, 

(d,)  Others  which  form  only  a  transient  union^  a  mere  stain,  re- 
movable by  washing,  are  called  adjective  colors^  because  they  require 
the  intervention  of  some  other  substance  to  fix  them:  this  mtermedi- 
um  is  called  a  mordant  or  basis.^ 

(e.)  Alumina^  oxide  of  iron  and  oxide  of  tin  are  the  most  import- 
ant mordants  for  wool  and  cotton;  alumina  and  oxide  of  iron  are 


*  Iron  and  maDganese,  which  are  m  eztensiyely  concenied  In  the  colon  of  the 
mineral  kingdom,  are  howeyer  more  abundant  in  yegetables  than  any  other  metals. 

\  Seouring,  cleansing  and  bleaching  are  usually  preliminary  to  dyeing,  fi>r  nodi- 
in|(  foreign  must  be  allowed  to  interfere,  either  with  the  adherence  of  the  color,  or 
with  its  proper  shade. 

t  For  a  copious  account  of  the  processes  of  dyeing,  see  Atkins*  Dictionary ;  also 
Bancroft's,  and  BerthoUet's,  and  Cooper's  treatises,  and  a  new  work  by  Cheneol, 
2  Vols.  8yo.,  on  Chemistry  applied  to  dyeing. 

§  Formerly  supposed  to  fix  itself  by  a  kind  of  corrosion,  or  eating  into  the  stuAT: 
this  old  idea  is  however,  erroneous,  but  it  gave  origin  to  ,the  word  mordant,  from 
mardeo,  to  bite. 
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used  in  combination  with  sulphuric  or  acetic  acid,  and  tin  with  muri- 
atic, acetic,  or  tartaric  acid. 

(/.)  Alum,  sugar  of  lead,  copperas,  muriate  of  tin,  sulphate  of 
copper,  sulphate  of  zinc,  acetate  of  alumina,  acetate  of  iron,  acetate 
of  copper,  oxide  of  arsenic  and  tannin,  are  m  much  request  as  mor- 
dants or  bases;  but  alumina,  oxide  of  iron,  and  oxide  of  tin,  are  the 
only  ones  in  general  use,  in  dyeing. 

(g*.^  Alumina^  ioUed  in  a  colored  vegetable  infimon^  toiU  often 
combme  with  the  dye,  and  leave  the  water  colorless. 

(A.)  The  same  thing  happens  with  metallic  oocides  ;  thus,  oxide  of 
copper  and  oxide  of  tin  detach  the  coloring  matter  from  logwood  and 
other  dye  stuffs. 

(».)  Metallic  salts,  dissolved  in  a  colored  infusion  and  decomposed 
by  an  alkali,  give  often  a  precipitate  of  the  coloring  matter  with 
the  oxide.     See  Lakes. 

(y.)  The  shade  and  the  tint  of  color  are  frequendy  altered  by 
dtemical  a^ents^  as  acids,  alkalies  and  salts. 

(k.)  Light  generally  weakens  vegetable  colors,  and  chlorine  de- 
stroys them. 

(t.)  TTiere  is  agreat  difference  in  the  attraction  of  coloring  matter, 
both  for  stufis  and  for  mordants. 

(m.)  Wool  J  in  proper  proportions,  almost  entirely  detaches  the  color 
from sulphcUe  of  indigo;  silk  does  it  less  perfectly, 

(n.)  Cotton  is  scarcely  affected  by  the  bath,  which  dies  wool  scarlet. 
(0.)  Commonly,  the  base  of  saline  mordants  unites  mth  the  stuffs 
apd  with  the  colormg  matter,  and  the  add  is  disengaged. 

(p.)  Hence  the  reason  why,  in  preparing  mordants,  acetates  are  so 
often  formed  from  sulphates,  as  acetate  of  alumina  from  alum  and 
sugar  of  lead,  or  acetate  of  zinc  from  the  same  salt  and  sulphate  of 
zinc,  because,  when  they  are  used,  the  disengaged  acetic  add  vnll 
not  injure  the  stuff, 

(g.)  Mordants  not  only  fix  but  modify  the  color,  giving  it  bril- 
liancy or  imparting  a  particular  shade. 

(r.)  Thus,  alumina  changes  the  duU  red  of  madder  to  a  brigitt 
crimson ;  tin  the  crimson  of  cochineal  to  scarlet ;  iron  the  yellow 
of  weld  to  olive  brown,  drab  or  lead  color,  according  to  circum- 
'  stances. 

(5.)  Different  mordants  are  therefore  mixed  to  produce  different 
shades;  thus  iron  and  alumina  with  madder  produce  the  different 
shades  of  "  flea  color,  purple,  and  violet,  with  weld,  brown,  and 
olive  green,  inc.  so  that  with  three  or  four  colors  and  various  mor- 
dants, an  immense  variety  of  dyes  may  be  produced." — Atkins, 

{t,)  In  the  composition  of  the  dydng  materials  there  is  also  a 
great  variety. 

Principal  colors. — All  the  colors  used  in  dyeing  are  reducible 
to  four,  namely,  blue,  red,  yellow,  black. — Henry. 
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I.  Blus  ;  Indigo^  or  Ahil.^— This  is  the  only  vegetable  sabstanoe 
used  in  dyeing  blue.f 

Indieo  has  so  many  peculiar  properties  that  it  niigfat»  widioot  impro- 

Eriety,  be  treated  of  as  a  distinct  principle ;  it  most  resembles  fecah, 
ut  it  differs  from  that  and  every  other  vegetable  proximate  principle. 

II.  Origin. 

{a,)  From  three  sorts  of  the  indigo  plants  or  Indigrferc^  viz.  riao- 
tonoy  agrestis  and  disperma ;  the  first  is  the  French  indigo,  the  se- 
cond b  the  wild ;  the  third  the  Gautimala ;  the  tioctoria  yields  the 
most,  although  of  an  inferior  quality. 

(b.)  In  ths  West  Indies^  the  seeds  are  sovm  in  March  or  AprQ; 
the  plant  flowers  in  about  three  months,  when  it  is  in  perfection  and 
b  cut ;  there  are  four  cuttings  in  a  year ;  in  South  America  two,  m 
North  America  one  or  two ;  the  plants  are  renewed  every  year. 

III.  Extraction.^ 

(a.)  Steeped  in  large  cisterns  under  water ;  the  plants  being  kept 
down  by  plank  or  a  wooden  frame ;  fermentation  soon  begins^  at  tke 
temperature  of  80^,  which  is  the  best ;  carbonic  acid  and  carburet- 
ted  hydrogen  are  evolved. 

(fr.)  Fermentation  lasts  from  13  to  16  hours,  and  it  is  a  critical 
point  when  to  stop  it ;  if  too  soon,  only  a  part  of  the  indigo  is  obtain- 
ed, if  too  late  it  is  redissolved ;  the  proper  time  is  ascertained  by 
trying  samples  which  should,  on  agitation,  precipitate  a  green  |nc^, 
while  a  yellow  liquor  remains  above. 

(c.)  The  turbid  liquor  is  transferred  to  another  vat  and  briskly 
agitated  for  15  or  20  minutes,  lime  is  sometimes  added ;  gases  are 
evolved,  and  the  green  pulp  becomes  blue  and  subsides. 

(d,)  The  water  is  drawn  off  and  the  pulp  strained  in  sacks;  it  b 
then  put  into  square  boxes  to  dry  in  the  shade ;  but  to  |N-event 
moulding,  it  is  again  heaped  in  barrels  and  allowed  to  remain,  three 
weeks,  to  undergo  a  sort  of  fermentation,  after  which  it  is  dried  in 
the  shade  five  or  six  days,  when  it  is  finished  ;  thus  indigo  is  sepa- 
rated by  fermentation  and  agitation,  and  passes  from  green  to  iiue, 
and  from  a  soluble  to  an  insoluble  state. 

(e.)  DiflTerent  specimens  vary  in  their  qualities  according  to  the 
knode  of  preparing,  the  age  and  kind  of  plant,  he. 

*  Known  as  a  dye  very  early  in  India ;  used  as  a  paint  in  Europe,  but  not  as  a 
dye,  till  the  middle  of  the  sixteenth  century.  The  Dutch  first  imported  it  from  Imfia 
and  made  its  importance  known ;  it  was  prohibited  in  England  from  Elizabeth  to 
Charles  II,  and  aJso'in  Saxony,  where  it  was  called,  in  the  edict,  a  corrosive  substance 
and  food  for  the  Devil ;  it  is  cultivated  in  the  West  Indies,  in  Mexico,  and  in  the 
Southern  States  and  East  Indies. — ThotiMon, 

t  Pnissiate  of  potassa  with  a  salt  of  iron  is  much  used  for  dyeing  blue,  (g.  c.)  and 
perhaps  iodide  of  starch  might  also  be  employed  to  advantage. 

X  Hie  Baptina  tinetoria,  or  Bastard  indigo  of  the  United  States  aflbrds  a  coafser 
kind  of  indigo. — j.  t. 

§  See  Am.  Jour.  Vol.  xviii,  p.  237,  for  some  instructive  facts  by  W.  Patridge. 
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(/I)  The  indigo  exists  in  the  plant  chiefly  as  a  white  matter^  which 
becomes  green  hj  exposure  to  air. 

(g.)  lodigo  may  be  obtained  from  other  plants,  as  the  Cerium 
tinctorium  and  the  Isatis  tinctoria  or  woad,*  but  in  small  quantities. 

III.  Properties. 

(a.)  Rich  blue  color ^  with  shades  of  copper  and  molet;  compacti 
Iight,T  friable,  fracture  smooth,  tasteless,  with  hardly  any  odor. 

(6.)  Impure^  from  mixture  toith  foreign  bodies,  Bergman  found  in 
100  parts,  12  gum,  6  resin,  22  earthy|  matter,  13  oxide  of  iron,^ 
and  47  coloring  matter.  Hot  water,  after  acting  on  indiso,  exposed 
to  the  air,  deposits  a  matter  that  becomes  greenish  and  then  blue^ 
and  afterwards  a  green  substance  that  does  not  become  blue* 
Alcohol  (after  the  action  of  water)  dissolves  a  portion  of  green  matter 
and  also  of  red,  and  muriatic  acid  takes  up  more  of  the  red,  and  also 
oxide  of  iron  and  earths ;  the  remaining  indigo  (now  purified  fi^m 
every  thing  but  a  litde  silica)  is  about  45  per  cent,  of  the  whole. 

(c.)  Insoluble  in  water ^  except  the  mucilaginous  part,,  which  is  tV 
or  ^ ;  the  color  is  not  taken  up ;  after  it  has,  by  losing  oxygen,  pas&» 
ed  to  the  ereen  state,  it  is  soluble  in  water.  || 

(</.)  Alcohol  extracts  only  some  rettn,  but  none  of  the  color ;  the 
same  of  ether ;  muriatic  acid,  by  removmg  the  earthy  and  metallic 
matter,  improves  its  color. 

(e.)  Sulphuric  acid  is  its  proper  solvent^  1  part  of  indigo  to  8  of  con* 
centrated  acid;  it  dissolves  in  24  hours  9.ud  forms  a  deep  black  soht^ 
tion;  appears  blue  when  a  drop  is  put  into  a  verv  large  quantity  of 
water;  diis  solution  is  the  liquid  blue  and  the  Saxon  blue;  dilute 
sulphuric  acid  dissolves  only^  some  of  the  impurides. 

Sulphuric  add,  heated  with  indigo,  forms  in  less  than  25  hours,  a 
yellow  solution,  which  in  a  few  hours  becomes  blue,  and  instandy,  od 
the  addition  of  water ;  it  is  now  soluble  it  that  fluid ;  it  is  supvosed  to 
be  modified  by  the  loss  of  oxygen  arid  hydrogen,  and  by  combination 
with  4  equivalents  of  toater,  and  in  that^tate  was  caUed  by  Mr.  Crum 
Cerulin;  I  part  of  it  tinges  500,000  of  water  sensibly  blue ;  it  is 
precipitated  blue  by  potassa  and  its  sulphate;  it  resembles  tannin  in 
forming  insoluble  compounds  with  several  neutral  salts. 

Another  compound  of  indigo  1,  and  water  2  equivalents,  was  dis- 
covered by  Mr.  Crum,  and  called  Pheneein,  9orvig,  purple,  from  its 
producing  that  color  with  certain  salts,  e.  g.  muriate  of  potassa. 


*  CommoD  in  Britain,  and  cultivated  in  the  United  Statei. 

t  The  lighter  the  better. 

t  Baryta  and  lime  in  equal  weights,  and  1-10  of  the  whole  weight  was  silica. 

Ber|(man  is  supposed  to  have  exaggerated  the  iron  (by  mistake.) 

Indigo  putrefies  by  being  kept  long  moist 

Vol.  n.  58 
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It  18  produced  after  sulphuric  acid  has  acted  on  iudigo  20  minutes  at 
lOO^^Fah.* 

(/.)  Alkaline  carbonates  throw  doum  a  blue  powder,  which  Berg- 
man called  precipitated  indigo ;  this  is  obtained  also  by  pouring  toe 
solution,  drop  by  drop,  into  alcohol,  or  into  saturated  solutions  of 
alum,  sulphate  of  soda,  or  otiier  sulphuric  salts. 

{g.)  Sulphate  of  indigo  is  changed  to  green^  by  sulphurous  add^ 
vinegar^  ammonia,  alkaline  sulphurets,  and  greenf  sulphate  of  iroo. 
with  the  addition  of  lime ;  a  similar  effect  is  produced  by  weM, 
madder,  sugar  and  gum. 

(A.)  Substances  that  turn  indigo  green,  and  tlius  render  it  soluble, 
are  very  numerous ;  orpiment  Is  commonly  used ;  take  a  saturated 
solution  of  muriate  of  tin,  precipitate  the  oxide  witli  potassa,  and  add 
enough  to  redissolve  the  oxide  in  the  alkali ;  this  will  cause  the  blue 
indigo  solution  to  become  instantly  green. 

(».)  The  green  indigo  is  soluble  in  alkaline  water  and  lime  water, 
be.  in  which  state  it  is  used  as  a  dye;  the  cloth  comes  out  green  ad 
turns  blue  by  exposure  to  the  air,  owing  to  a  recombioation  of  oxy- 
gen,  while  the  change  to  green  is  owing  to  the  abstraction  of  oxygen; 
it  is  often  disoxigenized  by  fermentation  with  bran  or  other  vegetable 
matter. 

(y.)  IndigOy  in  the  blue  state,  is  employed  to  dye  the  Saxon  blue; 
k  comes  out  of  the  vat  blue ;  the  color  is  however  liable  to  be  re- 
moved t^  washing  with  soap. 

(k.)  indigo  dissolves,  tf  mixed  unth  an  equal  vfeight  of  green  sulr 
fhaie  of  iron  and  twice  its  weight  of  lime  ;  tliey  are  boiled  in  water  ;I 
or  pure  fixed  alkali  and  orpiment  are,  in  preference,  mixed  withihe 
indigo ;  sometimes,  the  ammonia  in  stale  urine  is  the  solvent,  sod 
nadder  and  tartar  are  the  disoxigenating  substances. 

(L)  In  the  indigo  vats,  the  green  indigo  is  constantly  passing  hack 
to  blue  ;  this  makes  frequent  agitation  necessary,  and  sometimes  re- 
peated additions  of  the  disoxigenating  materials. 

(m.)  One  oz.  of  nitric  add,  if  sUrong  and  fuming,  being  poured  o»  a 
dram  or  two  of  pulverized  indigo^  acts  violently,  and  ends  in  »»- 
flammation, 

(n.)  If  the  add  is  diluted,  it  destroys  the  color  and  decomposes 
the  indigo ;  a  yellow  solution  is  obtained,  and  resinous  roauer  ap- 
pears which  is  removed,  and  we  evaporate  the  fluid  to  the  consisteoce 
of  honey ;  it  is  redissolved  in  hot  water,  filtered,  and  mixed  with  a 


*  For  additional  details  see  Henry's  Chem.  lilh  Ed.  Vol.  II.  p.  300,  and  Bene- 
lius,  Ann  de  Ch.  et  de  Ph.  Nov.  and  Dec.  1S27. 

t  Red  oxide  of  iron  has  no  effect. 

t  This  forms  the  dyers'  blue  vat,  and  being  agitated  with  air,  the  indigo  is  reviVed, 
18  precipitated  considerably  purified,  and  is  rendered  nearly  or  quite  pure,  by  ^^' 
gestion  with  muriatic  acid,  which  (as  already  observed,)  removes  iron,  and  carbon- 
ate of  lime- 
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solution  of  potassa,  when  yellow  crystals  appear,  which  conast  of 
the  bitter  principle  united  with  potassa ;  they  detonate  on  an  anvil  with 
a  purple  light;  tannin  is  also  formed. 

(0.)  Muriaiic  add  dUsohes  the  iron  and  earthy  matter;  it  dis- 
solves however  the  precipitated  indigo  and  acquires  a  blue  color ; 
phosphoric,  acetic,  and  tartaric  acids  have  a  similar  effect. 

(p.)  Chlorine  destroys  the  color  of  the  indigo  solution^  and  as 
the  effect  is  uniform,  they  are  reciprocally  tests  of  each  other. 

(9.)  Alkalies  J  alkaline  earths  and  their  soluble  carbonates  have  no 
action  upon  the  coloring  mattir  of  indigo  ;  if  however  it  is  disoxi- 
^enized  and  rendered  green  by  any  of  the  processes  which  have 
been  mentioned,  it  then  dissolves  in  them  and  the  precipitated  indigo 
is  also  dissolved  by  them ;  the  caustic  alkalies  eventually  destroy 
the  color  of  indigo,  but  the  carbonated  do  not. 

(r.)  A  drop  of  a  green  solution^  placed  uponpaper^  almost  instantly 
turns  blue  ;  when  the  green  solutions  are  exposed,  they  absorb  oxy- 
gen, and  the  indigo  becoming  insoluble,  falls  in  a  dark  blue  mud  or 
powder. 

(«.)  Sulphate  of  indigo,  poured  into  boiling  water,  gives  a  green 
solution  turning  into  blue. 

{t.)  Substances,  which,  like  oxide  of  manganese,  abundandy  and 
readily  impart  oxygen,  restore  the  color  to  disoxigenized  indigo. 

fu.)  Indigo,  if  heated  in  the  open  air,  burns ;  it  detonates  with  nitre. 
V.)  Pulverized  indigo,  being  thrown  upon  a  shovel^  heated  below 
redness,  a  superb  cloud  of  violet  colored  matter  rises  and  partly  con- 
denses on  the  shovel  ;*  it  is  sublimed  indigo ;  it  is  attended  by  an 
oppressive  and  lasting  odor ;  the  same  smell  is  perceived  when  blue 
cloth  is  heated.  This  sublimed  indigo  is  more  neatly  obtained,  by 
heating  itvby  a  spirit  lamp,  about  10  grains  at  once,  in  masses  weigl^- 
ing  each  1  grain,  between  two  slightly  concave  disks  of  metal,  three 
inches  in  diameter,  the  convex  sides  being  outward  and  their  distance 
about  three  eighths  of  an  inch ;  when  a  hissing  noise  ceases,  the  disks 
are  cooled  and  the  sublimed  indigo,  in  needle  crystals  of  a  copper 
color,  is  found  lining  the  cover ;  they  are  about  one  fifth  part  of  the 
weight  of  the  indigo,  f 

CompositionX  of  sublimed  indigo,  examined  by  oxide  of  copper. 
Carbon  73.22,  nitrogen  11.26,  oxygen  12.60,  hydrogen  2.92  =  100.; 
corresponding  nearly  to  16  equiv.  of  carbon,  96+1  of  nitrogen,  144- 


*  I  have  attempted,  without  success,  to  obtain  this  sublimate  in  glass  vessels;  it 
alwavs  degenerates  into  a  black  cloud. 

1  Crum,  Ann.  Philos.  N.  S.  Vol.  v,  p  81. 

t  The  destructive  distillntion  of  indie;o  of  commerce,  aflbrds  63  per  cent,  of  earthy 
matter  and  oxide  of  iron;  the  \1  consumed  are  coloring  matter,  and  aflbrd  carbonic 
acid  2  parts,  carbonate  of  ammonia  in  solution  8,  cmpyreuroatic  oil  9,  charcoal  23, 
which,  after  incineration,  left  4,  half  of  which  was  oxide  of  iron  and  half  silica; 
therefore,  the  coloring  matter  is  composed  of  hydrogen,  nitrogen  and  much  carbon. 


460  COLORING  MATTER. 

8  of  oxygen,  16+4  of  hydrogen,  4=1 30.— Cmw.  Mr.  Dallon'sI^ 
salts  vary  but  liule  from  this,  except  tiiat  be  finds  the  nitrogen  7.7 '» 
stead  of  11.26. 

Indigo  may  be  obtained  colorlesi,*  by  digestiog  1.5  of  it  with  3  of 
green  sulphate  of  iron,  2.5  hydrate  of  lime  and  50  or  60  of  water,  far 
24  hours,  the  vessel  being  filled  with  hydrogen  gas,  and  also  the  sf* 
phon  by  which  it  is  drawn  off;  it  is  then  mixed  with  dilute  muriaoc 
acid  and  sulphate  of  ammonia,  and  by  good  management  a  white  & 
oxygenized  indigo  is  obtained,  which  may  be  dried  witboat  becoom^ 
bhie ;  it  was  called  by  Laebig  indigogene ;  it  combines  with  alkaies 
and  with  alcohol ;  does  not  turn  blue  when  dry,  but  becomes  bbeii 
a  humid  atmosphere  and  tmder  water.f  Indigogene,  in  becoom; 
blue,  absorbs  1 1 .5  of  oxygen. 

Green  is  produced  on  tPOoUen  dotk^  by  the  green  indigo  vaij  m- 
eeeded  by  simple  yellow^  varying  the  proportions,  so  far  as  to  obcw 
the  desired  tint.  Silk  is  first  dyed  yellow  and  then  blued  widi  tt 
digo. 

Saxon  green  is  produced  by  a  yellow  upon  a  Saxon  blue  grotmi 
Verdigris,  dissolved  in  vinegar,  produces  a  delicate  green;  peariisli 
is  added  before  it  is  used,  and  cotton,  imbued  with  the  alum  mordanti 
is  then  immersed  in  the  mixture.-*-£rande. 

IL  RED.^^rcAiJ,  Madder,  Brazil  wood,  Saffiower,  Logtoosi 
and  the  animal  color  Cochineal,  form  the  most  comnion  red  djes 
and  are  all  adjective  colors. 

1.  Archil  t)r  IMmus  is  prepared  from  a  Uehen,  the  PanMs 
Roeeellaj  growing  abundantly  in  the  Canary  Islands  and  South  of 
France,^  litmus  being  a  compound  of  the  red  color  of  the  licbeD 
and  an  alkali ;  it  is  obtained  by  fermentation,  and  when  an  acid  en* 
gages  the  alkali,  it  liberates  tlie  color.  In  the  form  of  litmus  or  turn- 
sol,  it  is  much  used  by  the  chemists,  as  a  delicate  test  for  acids,  sod  if 
first  reddened,  it  detects  alkalies,  by  turning  back  to  blue. 

2.  Madder;  this  is  the  root  of  the  Rubia  tinctorum,  and  grovfs 
abundantly  in  the  South  of  Europe,  in  Egypt,  and  in  the  Levant,  and 
is  cultivated  in  Zealand  in  Holland.^  Colin  and  Robiquet  suppose 
that  they  have  obtained  the  coloring  mauer,  isolated  in  brilliant  nee- 
dle crystals,  like  chromate  of  lead.  Although  Madder  is  a  red  dye, 
it  may  be  made,  by  the  aid  of  proper  mordants,  to  produce  all  tiie 
shades  of  red,  purple  and  even  black,  as  is  seen  when  calico,  stamp- 
ed with  different  bases,  is  immersed  in  the  madder  bath. 


*  Iron  or  zinc.  In  dilated  ralphate  of  indigo,  changes  or  dest'oys  the  color,  id 
consequence  of  the  evolaUon  of  hydrpgen. 

♦  Liebig,  quoted  by  Henry.  t  For  the  extraction,  we  Allcins*  Dirt. 

&  Ailrins;  Eng.  Quar.  Jour.  March,  1829,  p.  198;  Henry;  Ann.  de  Ch.ctde  Ik 
Vol.  xzziv,  p.  226. 
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8.  Brazil  wood  is  the  heart  of  the  Casaipinia  echinata^  a  large 
tree  growing  in  Brazil ;  with  tin  and  alumina,  the  tints  are  lively 
and  agreeable,  but  not  permanent. 

4.  Saffiower  i$  the  dried  flowers  of  the  Carthamus  tindorius  of 
Spain  and  the  Levant.  Rouge  is  prepared  from  this  rfye,  by  dissolv- 
ing the  coloring  matter  in  an  alkali,  and  precipitating  the  color  by 
lemon  juice.  Two  colors  are  obtained  from  it,  yellow,  soluble  in 
water,  and  the  red  in  the  alkalies  from  which  it  is  precipitated  by  acids. 

5.  Logwood  is  a  heavy  wood  from  the  Hamatoxylum  Campeehiaf^ 
urn  of  tropical  America.  Although  logwood  aflbrds  a  fine  but  fugi- 
tive red,  it  is  principally  used  with  iron  for  black. 

Its  coloring  matter  is  called  hematine  and  is  obtained  in  crystals  by 
digesting  the  aqueous  extract  in  alcohol,  and  allowing  the  alcoholic 
solution  to  evaporate  spontaneously.* 

6.  Cochineal  is  an  animal  matter^  but  is  mentioned  here  on  ac- 
count of  the  color  which  it  affords,  which,  with  water,  is  crimson  and 
gives  only  a  fugitive  dye ;  but  if  the  solution  has  tartar  dissolved  in  it, 
and  then  per-muriate  of  tin  is  added,  a  fine  scarlet  is  evolved. 

The  cochineal  insect  feeds  upon  several  varieties  of  the  Cactus,  Its 
coloring  matter  is  called  carminium  or  coccinellb.  It  is  separated 
from  fat  and  from  various  saline  substances  by  alcohol,  which  being 
left  to  spontaneous  evaporation,  the  coloring  matter  is  redissolved  in 
alcohol,  and  on  mixing  it  with  sulphuric  ether,  the  color  is,  in  a  few 
days,  deposited. 

III.  Yellow. 

WHd  American  hickory^  sumach^  turmeric^  wHd  fustic  and  ^r- 
citron  are  all  adjective  colors,  and  various  in  their  hues,  accordmg  to 
the  bases  with  which  they  are  combined. 

1 .  With  alumina,  quercitron  gives  a  bright  yellow,  and  with  oxide  of 
tin  all  the  shades  of  color,  from  pale  lemon  yellow  to  a  deep  orange^ 
with  oxide  of  iron  a  drab,  with  indigo  green.f  It  b  the  rasped 
bark  of  the  ^ercus  tinctoria  or  common  black  oak  of  the  United 
States.| 

2.  Several  species  of  American  walnut  or  hickory,  particularly  the 
Jvglans  or  Carya  alba,  afford  a  yellow  dye  from  their  bark,^  and  a 
little  iron  renders  them  drab  or  gray. 

3.  The  Sumach  grows  wild  in  this  country  and  was  formerly  cut 
in  a  rain,  packed  and  exported  to  England  in  great  quantities. 

4.  Titrmeric  is  the  root  of  the  Cucurma  longa  of  the  East  Indies: 
^  it  affords  a  beautiful  yeUow,  turns  brown  with  alkaUes  and  is  used  as 

a  test ;  it  is  innocent,  and  is  employed  to  color  sugar  plumbs  yellow, 
as  cochineal  colors  them  red. 


*  Ann.  de  Chim.  Vol.  lxxxi.  \  Henry. 

X  Introduced  by  Dr.  Bancroft. 

§  See  the  ozperiraentB  of  Mr.  John  Hall,  An.  Jour.  Vol.  iii,  p.  166. 
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6.  fVeld  is  formed fnm  the  Reseda  luteola  of  Europe;  with  dm 
it  produces  a  fine  yellow,  which  is  rendered  more  briUiaiit,  bj  tan 
and  by  per-muriatc  of  tin. 

6.  Fustic  is  the  wood  of  the  Moms  tinetoria,  of  the  West  bcfcs; 
with  an  aluminous  base  it  gives  a  durable  yellow,  and  is  used  in  fanni^ 
green  and  other  hues. 

7.  Saffron^  from  the  Crocus  sativusy  gives  a  bright  yellctp,  wA 
water  or  alcohol ;  becomes  blue  and  then  lilac  by  sulphuric  acid,  and 
acquires  a  green  tint  on  the  addition  of  nitric  acid.  As  it  produces 
many  colors,  it  has  been  proposed  to  call  it  PolycraUe. 

8.  AnnottOf  from  the  seeds  of  the  Bixa  orellcma,  gives  a  br^ 
orange  yellow  with  an  alkali ;  it  is  what  is  called  vulgarly  oitery  and  is 
used  to  color  cheeses  yellow;  grows  in  Cayenne. 

9.  Butternut y  Juglans  cinerea^  gives  a  durable  brtyunSf  upon  wood 
and  with  an  aluminous  basis,  upon  cotton. 

IV.  Black. — Produced^  in  general,  by  the  decoctions  ofaatringesi 
vegetables  with  the  salts  of  iron^  and  particularly  the  sulphate.  Sift 
requires  a  larger  proportion  of  galls,  and  repeated  immersion,  hjs 
difficult  to  give  cotton  a  good  black ;  a  weak  solution  of  glue  aids  m 
retaining*  the  color.  The  best  blacks  are  first  dyed  blue,  by  indifo, 
and  then  black.  The  red  maple  (Acer  rubrum)  gives  a  good  Wad 
with  iron  and  horse  chesnut. 

V.  Several  mineral  substances  have  been  introduced  into  dfemg^ 
as  Prussian  blue,  orpiment,  chromate  of  lead,  chromate  of  potassa,&c. 

LAKES. 

(a.)  These  are  comhinations  of  coloring  matter  with  an  earth  or 
metallic  oxide^  obtained  by  precipitation, 

(J.)  The  coloring  matter  of  madder  is  precipitated  by  alum,  es- 
pecially if  aided  by  an  alkali.* 

(c.)  Carmine  is  the  lake  of  cochineal;  it  may  be  precipitated  by 
adding  alum,  or  binoxalate  of  potassa,  to  a  concentrated  solution,  ob- 
tained by  boiling  cochineal  in  water. f 

{d.)  Brazil  wood  infusion,  with  alum  and  an  dUk^x^  precipitates  ik 
carlli  and  coloring  matter. 

(c.)  The  oxide  of  tungsten  is  said  to  afford  a  more  beautiful  lake 
than  any  other. 

(/.)  Lakes  are  much  used  in  water  color  painting ;  alum  and  Ud 
are  generally  tlie  bases. 

Application  of  colors  in  dyeing. — ^There- are  many  varieties  in 
tlie  process,  but  in  general,  the  stuff  is  passed  through  a  decoction  oftk 
coloring  matter,  and  tlien  of  tlie  basis  or  mordant,  which,  by  the 
double  affinity  for  the  fibre  and  the  color,  fixes  the  latter  permauently. 


*  For  a  very  particular  |>jo<«"s  see  Henry. 

\  PcUetier  and  Caveutou. — Ucrl.  on  dyeiii;;;. — Partridge  on  dyeing:. 


--" 
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Calico  Printing. 

(a.)  The  mordant  or  basis  thickened  vnthgum^  or  flour,  is  applie^l 
to  the  cloth  hy  means  of  blocks^  or  engraved  copper  cylinders. 

(6.)  The  doth  is  then  passed  through  a  decoction  of  the  colore 
which  adheres  only  to  Uie  spots  impregnated  with  tlie  mordant, 
and  is  easily  discharged  from  the  other  parts,  by  washing,  with  suita- 
ble exposure  to  air.*  Additional  colors  are  printed  upon  the  former 
ones,  by  hand  blocks,  applied  with  proper  mordants,  over  the  other 
colors.  To  preserve  certain  parts  white,  they  are  occasionally  covered 
with  wax,  tsJlow,  pipe  clay,  or  other  substances,  |ind  sometimes  the 
color  is  discharged,  from  particular  parts,  by  chlorine. 

(c.)  Acetate  of  alumina,  and  acetate  of  iron  are  most  conmionly 
used  as  mordants;  3  lbs.  alum,  1  lb.  acetate  of  lead  and  warm  water, 
with  2  oz.  potassa  and  2  of  chalk  to  neutralize  excess  of  acid.f 

Sec.  XVI. — Vegetable  acids. 

Under  this  head,  we  include  both  those  which  ^ve  formed  naturally 
by  the  powers  of  vegetable  life,  and  all  that  are  produced  by  arty  by 
the  changes  of  vegetable  matter. 

The  number  of  vegetable  acids,  of  considerable  importance,  does 
not  exceed  ten,  while  the  entire  number  is  from  twenty-five  to  thirty. 
JUost  of  them  are  however,  of  so  little  consequence,  as  to  be  entided 
to  only  a  small  space ;  while  the  important  vegetable  acids  and  their 
salts  will  be  treated  of  in  sufficient  detail. 

1.  Vegetable  acids  (the  oxalic  acid  excepted,)  are  all  composed 
of  oxygen,  carbon,  and  hydrogen,  the  oxygen  being  in -a  greater  pro- 
portion than  is  requisite  to  form  water. 

2.  They  are  more  stable  in  their  composition  than  any  other  veg- 
etable principles,  being  less  liable  to  spontaneous  change. 

3.  Nitric  acid,  with  heat,  generally  converts  them  into  oxalic 
acid,  and  ultimately  into  carbonic  acid  and  water. 

4.  Most  of  them  are  named  from  the  substances  that  afford  them.  J 

I.  Oxalic  acid. — Name. — From  the  Oxalis  acetosella,  a  spe- 
cies of  sorrel,  which  affords  a  salt  containing  oxalic  acid,  combined 
with  potassa ;  this  salt  is  extracted  from  other  species  of  sorrel,  and 
is  probably  contained  in  them  all. 

II.  Discovery. — By  Mr.  Scheele,  in  Sweden^  who  extracted  it 
from  the  salt  of  sorrel  or  bin-oxalate  of  potassa  by  a  process^  no 
longer  practiced,  as  there  are  now  easier  methods. 

•  For  many  particulars  see  Aikins'  DicUonary. 

t  See  Ure's  notes  to  Berthollet's  treatise  on  Dyeing.  Thenard's  Chemistry,  Vol.  iv. 

t  The  principles  of  the  systematic  nomenclature  could  not  be  applied  to  them,  as 
they  arc  of  a  similar  composition,  and  as  they  have  a  double  base,  the  name  would 
have  been  inconveniently  long:. 

§  Four.  Vol.  VII,  p.  300.  One  equivalent  of  acid  in  the  super  or  oxalate  of  po- 
tassa (salt  of  sorrel,)  is  saturated  with  ammonia,  then  the  oxalate  of  potassa  and 
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III.  Preparation.* — Si^crr,  1  parij  nitric  oocl  of  commerce,  5 
or  6  parts  of  the  sp.  gr.  1.46  to  1.5,  with  a  gentle  heat^  in  aglobeori 
tubulated  retort  of  glass,  connected  with  a  receiver,  to  save  the  exces 
of  acid ;  red  fumes  of  nitrous  gas  appear,  and  when  they  cease,  «e 
add  a  little  nitric  acid  at  intervals,  half  a  part  at  once,  till  the  actioi 
is  over.J 

By  gentle  evaporation  and  cooling,  brilliant  crystals  of  onie 
acid^  will  precipttatCi  and  successive  crops  may  be  obtained  bjr  re* 
peated  evaporations,  with  a  moderate  heat.  The  crystdU  must  aU  k 
redissolvedf  filtered*  crystallized  aneto^  and  dried  on  blotting  paper. 

Obtained  also,  by  the  action  of  nitric  acid  on  molasses,  silk,  woi, 
muscles,  tendons,  hair,||  gums,  honey,  starch,  glutenlT  and  aloofaol, 
from  most  vegetable  acids,  and  from  many  other  bodies,  mad 
and  vegetable. 

IV.  Properties. 

(a.)  Commonly  described  as  being  in  needle  crystals^  flattened 
prbms  of  six  sides ;  this  is  the  appearance,  but  the  real  Jbrm  is  tbs 
of  a  jnod^ied  rhonJnc  prism. 

(6.)  Taste  very  acidj  setting  the  teeth  on  edce;  if  dissolved  aod 
lareely  diluted,  it  is  agreeably  acid ;  reddens  blue  vegetable  calm 
with  energy ;  1  part  of  the  crystals  in  3600  of  water,  produces  tie 
effect ;  1  grain  of  the  crystals  communicates  a  sensible  acidity  id 
2633  grains  of  water ;  they  crackle,  when  thrown  into  this  fluid. 

(c.)  Soluble  in  two  parts  of  cold  and  1  part  of  hot  water ^  and  is 
half  a  part  of  boiling  alcohol ;  six  per  cent  of  the  crystab  dissolved 
in  cold  water,  form  a  liquid  of  the  sp.  gr.  1.0314. — ^h. 

(d.)  Efflorescent;  contam  nearly  half  their  weight  of  water  of 
crystiulization,  but  lose  only  28  per  cent  by  heat,  unless  it  is  pushed 
so  far  as  to  decompose  the  acid ;  but  if  combined  with  the  oxide  of 
lead,  its  water,  amounting  to  48  per  cent,  can  all  be  expelled,  sai 
the  real  acid  amounts  to  58  per  cent 

ammoniA  it  deoompofled  by  nitrate  of  baryti«  the  oxalate  of  baryta  u  dccompcwd 
by  sulphuric  add,  and  the  oxalic  acid  is  obtained  in  crystals,  by  evaporating  the  E- 
quor;  for  a  process,  by  acetate  of  lead  and  sulphuric  add,  see  Th^nard's  Chem. 
Vol.  Ill,  p.  629. 

*  The  process  by  sugar  was  discovered  by  Bergman. 

t  If  too  much  acid  be  used  the  product  will  be  diminished,  and  the  oxalic  aoi 
may  even  be  all  decomposed. 

§  In  London  (July  lOtb,  1805.])  from  ^  lb.  of  white  sugar  with  Z\  lbs.  of  aqui 
finrtis,  I  obtahied  4^  oz.  of  oxalic  add,  which  cost  (for  the  materials  only,)  2  shiUin^ 
sterlin|;  per  oz. ;  the  present  price  in  New  York  is  f  1  60  per  lb.  Oxalic  acid  is  nov 
made,  in  some  dl  of  vitriol  manufactories,  from  molasses,  to  which  nitric  add  is  added, 
for  the  purpose  of  generating  nitric  oxide  gas,  to  be  conducted  into  the  leaden  diaai- 


ber  where  the  sulphur  is  burned,  and  where  by  absorbing  the  oxvgen  of  the  air,  aad 
thus  forminf[  nitrous  acid  vapor,  it  will  aid  in  converting  the  sulphurous  acid  gas  inls 
sulphuric  add.    See  Vol.  i.  p.  808  and  466.    The  residuum  of  this  process  is  eon- 


verted  into  oxalic  acid. — o.  c. 
11  Fourcroy,  vol.  zx.p.  89. 
1i  The  process  by  starch  is  one  of  the  best;  see  the  conclusion  of  this  article. 
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(e.)  Coitpoiiiion. — The  aystals  eoniain  fmr  eg^ivaJenis  of  war 
UTf  S6,  with  one  equivaknt  of  acid,  36,  and  the  represeiiiadye  num- 
ber 18  therefore  72. 

Formerly,  this  acid  was  supposed  to  consist  of  oxygen,  carbon 
and  hydrogen,*  bat  the  most  recent  reauUs give  carbon  and  oxygen  only. 
Carbon,        33.34      2  equiv.       12 
Oxygen,       66.66      3      «  24 

100.  36    its  equtvalentf 

It  is  singnlar,  that  this  powerful  acid  in  firm  crystals,  should  be  mid" 
way  in  compo9%tum  between  the  two  gaset^  carbonic  add  and  carbonic 
0Xidej  afad  it  may  even  be  regarded  as  composed  of  1  equiv.  of 
carbonic  acid,  22,  and  1  of  carbonic  oxide,  14,  =s  36,  containing, 
obviously,  the  same  amount  of  carbon  and  of  oxygen.  It  has  the 
composition  of  a  mineral  acid,  and  it  has  been  prepond  to  call  ii  the 
earbonous  acidy  which  its  composition  would  fully  justify. 

(/.)  Oxalic  acidj  in  a  dote  of  some  drachmSf  acts  as  a  poison,  BndhBB 
been  repeatedly  taken  by  misudce,  for  Epsom  salt,  which,  to  the  eye,  it 
considerably  resembles,  but  it  is  instandy  disdnguished  by  the  taste 
alone,^  which  is  intensely  acid,  while  that  of  Epsom  salts  is  equally 
bitter;  oxalic  acid  also  precipitates  lime  water,  and  the  precipitate  is 
not  redissolved  by  mor&  acid.||  Copious  draughts  of  warm  water, 
containing  bl-carbonate  of  potassa  or  soda,  or  chalk  and  magnesia,  are 
efiectual  remedies  for  this  poison ;  emetics  should  also  be  given. 

V.  Uses. — Oxalic  acid,  in  fine  crystals,  is  now  sold  in  the  shops  ;  its 
principal  use  is  in  cleaning  brass^  and  odier  metallic  articles,  and  in 
whitening  boot  tops,  in  preparing  printed  goods,  tzc. ;  it  is  sold  in 
England,  under  the  very  miproper  name  of  salts }  the  acid  of  the  salt 
of  sorrel  is  used  to  remove  iron  stains. 

Remarks. — The  agreeable  sub-acid  tasie  of  the  common  sorrel, 
Rumex  acetosa^  is  owing  to  the  add  of  the  bin-oxalate  of  potassa 
which  it  contains.  Several  species  of  the  crustaceous  lichensIT  con- 
tain the  oxalate  of  lime,  equsd  to  half  their  weight,  and  it  is  to  them 
what  the  carbonate  of  lime  is  to  corallines,  and  phosphate  of  lime 
to  bones,  (Braconnot«)  Oxalic  acid  and  oxalates  exist  in  manjr 
vegetables. 


*  Foarcroy  gave  its  composition  at  T7oxyg;en,  18  ctrboo,  tnd  10  hydrogen. 

t  Thomson,  Ure,  Berzelius. 

(  The  mistake  on  the  part  of  an  apothecary  is  unpardonable ;  the  os.  which  \b 
safe,  if  it  be  Epsom  salts,  is  fotal  if  it  be  oxalic  acid ;  2  or  8  drachms  of  it  will  kUl. 

n  It  is  the  only  yegetable  acid  that,  uncombined,  precipitates  lime, "  11  preeinite 
tontes  les  dissolutions  calcaires :  c'est  le  seul  acide  vegetal  qui  ait  eette  propri6ie  ;** 
o-Xi.  Cours,  &c. ;  several  do  it  by  double  affinity. 

IT  Found  in  all  parts  of  North  America. 

Vol.  n.  69 
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Oxalic  acid  is  found,  free,  in  the  juice  of  the  fibres  or  hair  of  chick 
pease  ;*  it  exudes,  when  they  are  cut  by  scissors,  and  perstms  who 
walk  over  a  field  of  chick  pease,  have  their  shoes  burned  by  this  acid. 

IV.  Miscdlaneous.'^MVhen'f  carbonic  acid  and  carbonic  oxide  are 
produced,  by  heating  oxalic  acid  or  the  bin-oxalate  of  potassa,  with 
sulphuric  acid,  the  carbonic  acid  is  removed  by  lime  water  or  pocas- 
sa,  and  the  carbonic  oxide  remains ;  the  sulphuric  acid  is  not  de- 
composed and  appears  to  operate  by  removing  water,  and  the  efe- 
roents  of  the  oxalic  acid  arrange  themselves  anew. 

Oxalic  acid  and  the  oxalates,  boiled  with  a  solution  of  gold,  reduce 
the  oxide,  and  produce  carbonic  acid. 

The  greater  part  of  the  oxalic  acid  used  in  the  arts,  in  the  manu- 
facture of  printed  goods,  is  obtained  by  the  action  of  nitric  add 
upon  sugar  or  starch ;  with  starch  1  part,  and  nitric  acid  6,  added 
at  intervals  and  aided  by  heat,  they  obtain  more  than  half  the  weight 
of  the  starch  in  oxalic  acid.|  Oxalic  acid  takes  lime  from  eveiy 
acid,  even  the  sulphuric  and  the  phosphoric.^ 

OXALATES. 

1.  Composed  of  oxalic  acid  and  bases ;  most  of  them  unimportant 

2.  Generally  insoluble^  or  sparingly  soluble  in  water ;  soluble  in 
nitric  and  in  muriatic  acid.|| 

3.  The  oxalates  of  potassa,  soda,  lithia,  alumina  and  iron  are  the 
most  soluble.ir 

4.  From  a  soluble  oxalate,  a  neutral  salt  of  lime  or  of  lead  throws 
down  an  insoluble  oxalate,  which  is  decomposed  by  sulphuric  acid, 
forming  an  insoluble  sulphate,  and  crystals  of  oxalic  acid  are  obtained 
on  cooling. 

5.  All  insoluble  oxalates,  the  bases  of  which  form  insoluble  com- 
pounds with  sulphuric  acid,  may  be  decomposed  in  a  similar  manner, 
and  all  other  insoluble  oxalates,  by  potassa,  and  soluble  oxalates  formed. 

6.  Decomposed  at  tgniiion  ;  no  charcoal  is  left,  being  burned  by 
the  oxygen  of  the  acid,  and  a  carbonate  remains,  if  the  base  can  re- 
tain carbonic  acid,  or  if  the  heat  be  pushed,  the  base  alone  remams, . 
(ammonia  excepted.) 

7.  Some  oxalates  are  metallized  by  ignition,  emitting  pure  car- 
bonic acid  ;  the  1  equivalent  in  the  neutral  protoxide  being  transfer- 
red to  the  oxalic  acid,  to  form  carbonic  acid.** 

8.  Decomposed  by  hot  sulphuric  acid,  generating  carbonic  acid  and 
carbonic  oxide. 

•  Fourcroy,  Vol.  vii,  p.  802.        Chaptal,  Vol.  iii,  p.  116. 
t  Ann  de  Ch.  et  de  Ph.  Vol.  ziz,  p.  84 ;  see  also  this  work,  Vol.  i,  p.  896,  (g.) 
t  Laugier*!  Coura,  &c.  Vol.  iii,  p.  211.        §  Except,  perhaps,  Uie  fluoric. 
II  Except  where  the  latter  precipitates  the  bases  of  the  salts, 
it  An  additional  equivalent  of  acid  does  not  render  the  alkaline  oxalates  more, 
but  less  soluble,  contrary  to  the  general  state  of  frets  among  saline  bodies. 
**  Gay-Lussac,  Turner. 
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I.  BiK'OXALATE  OF  POTAssA,  OT  uUt  of  sovrd  of  the  shops. 

I.  Origin. — ^Already  stated  to  he  found  native  in  the  sorrelsy  and  in 
many  other  vegetables;  that  of  commerce  comes  chiefly  from  Swit- 
zerland; it  is  very  white,  and  is  extracted  ^on»  the  Rumex  acetoseUtty 

!;athered  in  June ;  that  of  Thuringia  is  yellowish  and  is  from  the  Oxa- 
is  aceioseUa.  The  plants  are  repeatedly  bruised,  macerated  and  pres- 
sed, and  from  the  fluid,  crystals  are  obtained  by  evaporation.  It  is 
easily  formed  synthetically. 

II.  Properties. 

(a.)  Taste  acrid  and  bitter  ;  soluble  atGO^m  10  parts  of  water, 
ana  in  less  at  212^ ;  crystals  rhomboidal  parallelopipeds,  resembling 
cubes;  reddens  vegetable  blues. 

(6.)  Composition. — ^Acid  2  equiv.  72  +  alkali  one,  48  +  water 
two  18=138  its  equivalent. 

{c.\  It  is  used  to  remove  iron  and  ink  stains^  which  it  does  by 
translerrmg  1  equivalent  of  the  acid  to  the  iron,  thus  forming  a  solu- 
ble oxalate  of  iron  and  leaving  a  soluble  oxalate  of  potassa.^ 
II.  Oxalate  or  Potassa. 

I.  Preparation^  by  saturating  oxalic  acid  or  the  biriroxalate  with 
potassa  or  its  carbonate. 

n.  Properties. 

(a.)  The  crystals  are  oblique  prisms  of  four  sides  ;  taste  bitter  and 
cool ;  soluble  at  60^,  in  2  parts  of  water. 

(i.)  Composition^  acid  1  equiv.  36  +  1  equiv.  of  potassa,  48  + 
1  of  water,  9=93  its  equiv.  Much  used  as  a  test  for  lime^  with 
whiph  it  forms  an  insoluble  precipitate,  provided  there  is  no  free  min- 
eral acid  in  the  water,  which  would  redissolve  the  precipitate.  It  is 
remarkable,  that  the  oxalate  is  much  more  soluble  than  the  bin- 
oxalate,  contrary  to  the  general  analogy  of  salts. 

III.    QUADROXALATE    OF    POTASSA. 

I.  Preparation. — By  digesting  the  bin-oxalate  with  nitric  or  mu- 
riatic add,  whic^  takes  half  the  base  and  leaves  the  other  half,  com- 
bined witli  the  whole  of  the  acid,  and  of  course  with  four  equivalents. 

n.  Properties. 

(a.)  Forms  beautijid  crystals,  which  are  obtained  pure  by  a  second 
crystallization. 

{b.)  The  alkali,  remaining  from  the  decomposition  of  3  parts  of 
this  salt,  by  heat,  exactly  saturates  the  acid  in  one  part  of  the  crystals. 

(c.)  Hence,  it  contains  4  equivalents  of  acid =144  +  one  of  al- 
kah  48  +  7  of  water,  =63=255  its  equivalent.  We  owe  this  beau- 
tiful proof  of  the  truth  of  the  law  of  multiple  proportions  to  Dr. 
Wollaston.f 

*  Aromatized,  by  oil  of  lemons,  it  is  used  as  an  acidulous  driDk  in  some  diseases; 
it  is  antiseptic,  and  will  preserve  meat. 

t  Phil.  Trans,  1808,  p.  99.  See  also  Beiiard,  Ann.  de  Chim.  Vol.  i^jcjciii,  p.  871. 


(b.) 
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Eq«W.      EquW. 
of  bate,     oftcid.      Base.  AckL       £qm¥. 

Oxalate  contains         1     +     1  =  48     +      36  =    84 
Bin-oxalatei  1     +     2  =  48     +      72  =  130 

Quadroxalate,  1     +     4  =  48     +    144  =  192  (b.] 

rV.  QxAi«ATE  or  Soda. 

fa.)  Formed  tynihtticaUy.  ^ 

h.)  Campont%on.—B9ise  1  equiv.  32  +  1  of  acid,  36=^68  itaeqair- 
alent  ;*  100  of  soda  require  1 12.5  acid,  and  as  it  forms  a  bio-oxalie, 
twice  as  much  acid  =c  225  parts  are  required  in  that  sak ;  1  Muir. 
basess324-2  of  acidB72s&104,  its  equiv.;  there  is  no  quadroxalaie. 

V.  Oxalate  or  Aioionia. 
Formed  $fniheticaUy. 
Crytallizei  in  long  transparent  pritms;  taeie  bitter, 

(e.)  Soluble  at  60^  in  the  ratio  of  45  grains  to  1000  of  water; 
ifi  hot  water  very  folubUj  and  a  saturated  sohitic»,  oa  coolings  defosb 
crystals. 

(d.)  Compoiition. — ^Ammonia  1  equiv.  17  +  1  of  acid,  36  =SS 
the  equivalent  of  the  anhydrous  sak,  and  in  the  crystals  there  ire 
2  equiv*  of  water  ISs^Tl ;  there  is  a  bin-oxalate,  not  so  soIuUeai 
the  oxalate.  It  is  a  very  mefid  reagent^  eipeciaUy  in  deieetiiiglif^ 
and  is  preferred  to  oxalic  acid,  because  the  latter,  by  setting  fret 
a  mineral  acid,  might  cause  the  resolution  of  the  oxalate  of  lirae^  wtA 
the  acid  would  be  engaged  by  the  ammonia,  if  tbe  oxalate  of  dtai 
base  were  usee)* 

VI.  Oxalate  or  Luis. 

(a.)  Formedj  between  oxalic  add  or  any  soluble  qxalattf  and  V^ 
water  J  or  any  soluble  calcareous  salt ;  turns  syrup  of  violets  greeo. 

(6.)  It  is  a  white  powder^  insoluble  in  water ^  but,  when  reccitfly 
precipitated,  it  is  veru  soluble  in  nitric  and  muriatic  acids  ;  if,  io  snj 
water,  which  we  could  examine  for  lime,  by  means  of  oxalic  acid  or 
a  soluble  oxalate,  nitric  or  muriatic  acid  is  present  ii)  a  free  state, 
they  must  be  neutralized  before  the  application  of  the  test ;  thus,  ox- 
alic acid  and  lime  become  tests  of  each  other's  presence. 
!c*)  Decomposed  by  carbonate  of  potassa. 
d.)  Composition. — ^Lime'l  equiv.  28  +  acid  1  equiv.  36=64 
the  equiv.  ot  the  salt;  per  cent.  lime  43.75  +  acid  56.25=1^* 

If  slowly  driedy  it  retains  four y  if  rapidly ^  six  equivcdents  ofvoi^y 
and  it  is  anhydrous,  after  being  heated  to  560^  F.  which  temperature 
it  sustains  without  decomposition.  There  is  no  bin-oxalate.  Tms 
salt  is  the  basis  of  the  mulberry  calculus. 

VII.  Oxalate  of  baryta  and  oxalate  of  strontia  havenolhi^ 
interesting,  except  that  the  bin-oxalate  of  barjrta  is  soluble,  while  the 

*  The  water,  contained  in  the  crystals,  is  not  in  equivalent  proportioD  boA'vv^' 
lectcd. 
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oxalate  is  iwf  riy  iosohAle ;  Ae  latter  b  coDverted  into  tbe  fbn»efr,  by 
tbe  additioB  of  add,  fund  its  cryatds  are  decomposed,  by  nereve  solu- 
tioo  in  water* 

Vni.  Ox^LATS  OF  MAGNESIA,  formed  by  mingling  nJphate  of 
magnetia  and  oxalate  of  ammonia;  if  the  sulphate  has  beien  mod- 
erately diluted,  with  cold  water,  it  is  not  precipitated  until  il  is  heat- 
ed, althou^  after  it  has  fallen,  it  is  insoluble ;  as  lin^e  is  instantly  pre- 
cipitated, this  afibrd9  the  best  method  known  of  separating  these 
earths.  Among  the  metallic  oxalates,  some,  as  those  of  nickel  vaA 
cobalt,  affi>rd  a  pure  metal,  by  ignition. 

IX.  The  oxalate  of  lead^  fcMrmed  by  oxalic  acid  and  acetate  or 
nitrate  of  the  metal,  aetonates^  by  being  heated  in  a  tube  with  bits  of 
potassiun^.* 

X.  The  oxalate  of  mercury^  produced  in  the  same  manner,  detonates 
Iv  heaty  and  was  formerly  supposed  to  enter  into  the  constitutbn  of 
Howard's  fulminatbg  mercury.  Oxalate  or  bin-oxalate  of  potassa 
and  antimony,  heated  together  in  a  covered  crucible,  afbrd  an  alloy 
of  potassium  and  antimony.  Per-oxalate  of  copper,  digested  with 
oxalate  of  ammonia,  afibrds  crystals  that  detonate  by  a  sudden  heat. 

II.  Tartaric  Acid* 

I.  Name  and  History. 

Name  J  from  the  crude  tartar  ofmney  or  from  the  salt  that  is  pu- 
rified from  it,  (cream  of  tartar,)  irom  which  this  acid  is  extracted. 
Discovered  by  Scheele  in  ITTO.f  It  exists  in  several  acidulous 
fruits|  but  always  in  combination  with  lime  or  potass^i.  We  always 
extract  it  from  combination;  it  is  never  formed  ^nthetically. 

II.  Process,  II  by  decomposing  the  bitartrate  of  potassa^  by  chalk. 
Taking  the  proportions  by  the  equivalents,  they  are  as  follows.^ 

•  H.  and  Phil.  Mag.  1827. 

t  Hi9  first  recorded  discovery. 

%  Found  in  4ie  tamarind.  In  balm,  Carduus  benedictus,  roots  of  resharrow^  ger- 
qiander  and  sage ;  sumach  is  quoted  in  foreign  books  as  containing  tartaric  acid, 
hot  I  am  reminded  bjr  Prof.  TuIIv,  that  the  American  Rhus  glabra  affords  malic 
acid,  and  that  this  is  probably  the  fact  with  all  the  other  American  acidulous  sumachs. 
-r-Ann.  Lye.  N.  York,  Vol.  i,  p.  42.— I.  Cozsens. 

II  Or,  100  parts  of  crpa^)  of  tartar,  26 1-2  to  30  chalk  in  8  or  10  times  as  much 
water ;  add  the  chalk  by  portions,  when  the  effervescence  ceases,  add  to  the  clefu* 
liquor  a  solution  of  nitrate  or  muriate  of  lime,  so  long  as  a  precipitate  falls,  wash  it 
and  then  double  as  much  sulphuric  acid  as  chalk  must  be  added  to  the  tartrate  of  lime 
diffused  in  water,  and  after  24  hours,  the  liquor  may  be  examined  for  sulphuric  acid 
by  adding  acetate  of  lead ;  if  the  precipitate  is  only  tartrate  of  lead  it  will  be  entirely 
sdloble  in  diluted  nitric  acid ;  if  any  thing  remains,  it  is  sulphate  of  lead,  indicating  an 
excess  of  sulphuric  add  which  may  be  saturated  by  more  chalk,  or  If  the  tartrate  of 
lime  has  not  all  been  decomposed,  more  sulphuric  acid  may  be  added.  A  litUe  ex- 
cess of  sulphuric  acid  does  no  harm,  but  much  would  decompose  the  tartaric  acid. 

Dr.  Henry  thinks,  that  no  advantage  is  gained  by  substituting  quick  lime  for  chalk, 
for  although  more  of  the  cream  of  tartar  is  decomposed,  the  liberated  potassa  dissolves 
the  tartrate  of  lime  and  thus  prevents  its  precipitation.  With  chalk  we  remove 
only  one  equivalent  of  tartaric  add.— ifemV  ami  A.  A.  Hayes,  §  Turner. 
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Powder  of  cream  of  tartar  (bitartrate  of  potassa)  198  parts,  or  one 
equivalent,  intimately  mixed  with  50,  or  one  equir.  of  chalk ;  throv 
the  mixture,  by  portions,  into  10  parts  of  boiling  water  ;  carbomc  acid 
escapes,  with  efiervescence,  and  1  equiv.  of  tartrate  of  lime  falls,  and 
one  of  soluble  tartrate  of  potassa  remains  in  solution  ;*  the  precipi- 
tate is  washed,  and  then  diffused  through  a  moderate  portion  of  water, 
containing  one  equiv.  of  sulphuric  acid,  49 ;  digestion  liberates  the 
tartaric  acid,  and  after  the  separation  of  the  sulphate  of  lime  by  the 
filter  and  due  evaporation,  the  acid  is  obtained  in  crystals. 

III.  Properties. 

(a.)  Taste  very  acidj  setting  the  teeth  on  edge,  but  when  diluted, 
it  is  agreeable ;  reddens  the  vegetable  blues. 

(&.)  Crystallizes  in  tables  or  prisms  ;\  primitive  farm  a  right  rhom- 
bic prism;  sp.  ^r.  1.59. 

(c.)  Soluble  tn  5  or  6  parts  of  water  at  60^,  and  in  much  less  of 
boiling  water,  a  saturated  solution,  sp.  gr.  1.230,  becomes  mouldf 
on  the  surface  by  keepbg ;  soluble  in  alcohol. 

id,)  By  strong  nitric  acid,  converted  into  oxalic. 
6.)  Does  not  precipitate  lime  from  the  mineral  acids,  but  separates 
it  from  the  vegetable ;  it  precipitates  barjrta  and  strontia. 

(/.)  Composition, — By  the  researches  of  the  most  distinguisfaed 
analysis,  it  appears,  that  this  acid  contains  about  ttvo  thirds  ofiu 
Vfeight  of  oxygen;  from  one  quarter  to  one  third  of  carbon,  (ffuda 
small  portion  of  hydrogen.  Dr.  Henry  gives,  as  the  most  probable 
constitution,    Carbon      4  equiv.         24  36.36 

Oxygen     5      "  40  60.61 

Hydrogen  2      "  23.03 

66  100.— And  the  crys- 

tals consist  of  anhydrous  acid  1  equiv.  66+1  water  9=76;  percent* 
88.16  acid  +11.84  water.:| 

(g.)  Destructive  distillation  gives  pyro-tartaric  acid§  besides  the 
usual  products  of  much  inflammable  and  other  gases,  and  charcoal 
remains.  The  add  rises  in  sublimation  and  is  also  dissolved  in  the 
fluid;  it  affords  crystals^  which,  by  heat,  give  a  white  sublimate; 
its  distinct  character  has  been  both  admitted  and  denied,  and  is  now 
admitted  again. 

*  It  may  be  decomposed  by  muriate  of  lime  and  the  insoluble  tartrate  oTIimCi^y 
sulphuric  acid,  as  before,  or  it  may  be  reserved  as  tartrate  of  potassa  for  other  purposes. 

\  The  appearance  of  the  crystals  is  often  confused ;  in  plates,  needles,  leayefl, 
pyramids,  prisms,  groups,  &c. 

X  Prout,  Phil.  Trans.  1827.— Thomson's  First  Principles,  11,  115. 

§  This  has  been  supposed  to  be  the  acetic,  disguised  by  oil ;  it  di/fers  from  lh« 
tartaric  in  the  compounds  it  forms;  it  does  not  precipitate  baryta  or  lime,  or^K™  i 
salt  of  sparing  solubility  with  potassa. . 
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IV.  Uses. — The  tartaric  add  is  so  intensely  sour,  as  to  require 
large  dilution  vnth  water,  when  taken  as  a  leverage. 

It  is  given  in  the  military  hospitals  as  a  coding  drink,  and  its 
use  in  soda  powders  has  been  already  stated.*  It  is  free  from  the 
rough  taste  of  cream  of  tartar,  and  is  one  of  the  most  agreeable  and 
permanent  of  the  vegetable  acids ;  its  crystals  undergo  no  change  by 
weather,  climate  or  time. 

It  is  now  largely  manufactured  and  sold  in  the  shops,  under  the 
name  of  tartaric  acid,  ar^  is  an  agreeable  substitute  for  lemonade. 

TARTRATES. 

1.  The  tartrates  consist  of  tartaric  acid,  and  a  base,  which,  when 
they  are  decomposed  by  heat,  is  generally  left,  mixed  with  charcoal. 

2.  The  bi-tartrates  are  less  soluble  than  the  tartrates,  in  this  respect 
resembling  the  oxalates ;  the  earthy  tartrates  are  generally  insoluble, 
and  are  obtained  by  double  decomposition. 

3.  All  the  soluble  tartrates  form  bi-tartrates  of  sparing  solubility, 
while  the  insoluble  tartrates  may  be  dissolved,  in  an  excess  of  their 
own  acid. 

4.  The  tartaric  acid  is  prone  to  unite  with  two  bases,  at  once,  to 
form  double  salts. 

I.  Bi-TARTRATE  OF  poTASSA. — ^Crcam  of  tartar. 

I.  Origin. — Exists  in  many  vegetables  and  fruitSy\  and  is  pro- 
duced by  the  fermentation  of  the  juice  of  grapes,  especially,  those 
affording  the  red  and  Rhenish  wines ;  the  salt,  as  it  forms  during 
the  fermentation,  is  deposited  on  the  interior  of  the  vnne  casks,"^  and 
from  this  substance,  called  tartar,  or  crude,  or  wine  tartar,  or  argal,' 
the  cream  of  tartar,  bi-tartrate  of  potassa,  is  prepared.^^ 

The  process  consists,  as  in  the  case  of  bin-oxalate  of  potassa,  in 
solutions,  GItrations  and  crystallizations,  clay  or  whites  of  eggs  being 
used,  to  clarify  the  fluid.  The  crust  of  crystals,  that  appears  on  the 
surface,  being  skimmed  like  cream,  and  hence  the  origin  of  the  ap- 
pellation, cream  of  tartar. 

II.  Properties. 

(a.)  Crystals,  irregular  six  sided  prisms\\  with  six  terminating  fa- 
ces ;  the  primary  form,  a  right  prism  rectangular  or  rhombic.  Sp. 
gr.  1.953. 

(J.)  Taste,  flcid  and  rough;  brittle ;  reddens  the  vegetable  blues. 

*  Vol.  I,  p.  883.  t  It  is  abundant  in  the  tamarind. 

t  It  is  knocked  off  and  sold  under  the  name  of  wine  stone ;  it  often  contains  or 
copies  the  fibres  of  the  cask,  and  is  colored  more  or  less  deeply  by  the  wine. 

§  Rozier,  Jour,  de  Ph.  Vol.  i,  p.  67. — Memoires  de  la  Academic,  1725,  and  Four- 
croy.  Vol.  vu,  p.  819. 

J  For  a  more  exact  account  of  their  form,  see  Thomson's  Annals,  Vol.  x,  p.  37, 
N.  S.  Vol.  vii,  p.  161. 
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(e.)  8oMh  Ml  60 parts  €f  ^Mer  attOP  F.,mdm  I4dt  913P; 
hence,  it  cryttattixu  vety  rapidly  by  eoMngf  but  ftlb  mber  in  gnni 
than  distinct  crystab. 

(d.)  dmpoiiiion. — ^It  appears  19  consist  of 

Acid,     2  equiv.      133  73.69  per  eeoc. 

PotBflsa,!     "  48  26.11 

^  IBO  100. 

To  the  number  180,  we  must  add  the  water  m  its  crystak,  1* 
equiv.  or  2f ;  it  cannot  be  separated  without  decomposmg  the  ackL 

That  it  contains  2  equiv.  of  acid  is  proved  by  the  fiaict,  that  the 
alkali  which  remains  irom  the  incineration  of  a  eivea  weight,  pre- 
cisely saturates  the  same  weight  of  the  crystals,  dissolved  in  wider. 

(e.)  DesirutHve  dutiBation,  beMki  a  great  volume  of  gases  asi 
empyrewnaiie  acid  and  oU^  affords  in  the  residuum^  carbonate  of  po- 
tassaf  about  one  third  of  the  weight,  formerly  called,  on  ttcconnt  of 
its  ongin,  salt  of  tartar ;  it  is  generally  regarded  as  pure,^  btit  a  Bide 
Erne  atid  silica,  and  a  trace  of  alumba,  iron  and  manganese  have 
been  observed.  II 

m.  Uses. — A  mUd  and  vatuabh  fnedteine;1f  with  oxide  of  an- 
timonv  forms  tartar  emetic,**  afibrds  tartaric  acid  and  acdnble  tar- 
tar,f  f  and  Uack  and  white  flux  ;|{  it  appears  to  be  concerned  ia 
giving  the  peculiar  roughness  to  the  red  wines.  It  is  used  in  dydn^ 
fehiBg)  ^ding,  domestic  processes,  8ec« 

II.  Tartrate  of  poTAssA.-^Soitf&2e  tartar. 

h  Origin. — Found  m  the  juice  of  ripe  grapes^  and  other  ptiliif 
fruits ;  most  abundant  in  the  r^  grape. 

n.  Process. 

(a.)  By  saturating  the  solution  of  the  super  or  bi-tartratef  by  ear- 
banate  of  potassa;  it  is  always  thus  formed,  in  the  first  step  fer  ob- 
taining tartaric  acid. 

(&•}  By  saturating  tartaric  acid^'^  in  die  same  manner  till,  in  bodi 
cases,  effervescence  ceases. 

ni.  Properties. 

(a.)  V^ery  sohAle  sjid  even  deliquescent;  decomposed  by  most 
acids,  bi-<artrate  of  potassa  being  deposited ;  during  the  fermentatioa 
of  wines,  it  is  decomposed  by  the  carbonic  acid,  which  taices  one 
half  its  base,  and  most  of  the  In-sah  then  falls* 

*  Thomaon.  f  Benelius. 

t  Mixed  with  chtreoal,  which  is  reiMTed  hy  solutlmi  and  filtrtltai. 

^  EtpecUlly  free  from  toda,  and  was  therefore  used,  by  Gay-Lttsnc  and  Th^oud 
in  preparing  pure  {wtassinm.  ||  Ann.  de  Ch.  Vol.  i.xxt,  p.  4S. 

IT  Dose  half  an  oz.  to  1  oz.  and  less  as  ta  aperient  or  alterttlvv. 

••  See  p.  212  of  diis  Volume.  ft  See  those  acticles. 

U  Vol.  I,  p.  4W. 

§§  112  of  acid  to  120  of  sub-aurhootte  and  100  of  erMin  of  tartw  to  4ai-2er 
sub-carbonate.*— H. 
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(i.)  Crystals,  often  irregular  six  sided  prisms,  with  dihedral  sum- 
mits ;  primitive  form,  a  right  rhomboidal  prism. 

(c.)  Composition. — Acid  1  equiv.  66  +  1  potassa  48=114,  and 
in  the  crystals,  2  equiv.  of  water  18=132;  a  heat  of  248^  F.  ex- 
pels the  water  without  decomposing  the  acid ;  per  cent,  the  anhydrous 
salt  contains  acid  57.90  +  potassa  42.10. 

IV.  Uses. — Chiefly  medical;  it  is  the  soluble  tartar  of  the  phy- 
sician, and  is  frequently  formed  in  the  6rst  mode  named  above. 

Remark. — Such  is  the  tendency  of  tartaric  acid  to  form  an  inso- 
luble bi-tartrate,  with  potassa,  that  it  takes  that  alkali  even  from  the 
mineral  acids — e.  g.  from  tlie  muriate  of  potassa,  and  when  tartaric 
acid  is  added  to  a  solution  of  tartrate  of  potassa,  a  white  powder  falls, 
which  is  the  bi-tartrate.  If  to  a  strong  solution  of  tartaric  acid,  we 
add  half  Enough  of  potassa  to  saturate  the  acid,  there  will  be  a 
precipitate  of  bi-tartrate  ^  if  as  much  more  alkali  is  added,  it  will  be 
redissolved  and  the  precipitate  will  be  renewed  on  adding  an  acid, 
e.  g.  the  muriatic. 

3.  Tartrate  of  potassa  and  soda. — Salt  of  SBignette^*  Ro- 
chelle  salt.* 

I.  Process. 

(a.)  By  saturating  cream  of  tartar,  18  parts,  with  svl-carbonaie 
of  soaa^  18. 

II.  Properties. 

(a.)  The  crystals  are  often  large  and  very  beautiful;  form  pris- 
matic, or  rhomboidal  prisms,  with  10  or  12  sides. 

(6.)  Soluble  in  5  parts  ofcold^  and  in  much  less  of  boiling  water; 
taste,  bitter. 

(c.)  Composition. — ^Tartrate  of  potassa  54  +  tartrate  of  soda  46, 
which  are  almost  exacdy  the  equivalent  proportions. 

III.  Uses. — A  valuable  medicine. 

The  cream  of  tartar  is  so  prone  to  combine  with  an  additional 
base,  that  it  often  acts  as  a  simple  acid,  and  dissolves  oxides  that  are 
insoluble  in  the  mineral  acids,  and  even  in  the  tartaric.f 

4.  Tartrate  of  soda. — ^It  has  been  already  mentioned,  as  being 
formed,  when  the  soda  powders  are  mixed ;  carbonate  of  soda  is 
better  adapted  than  carbonate  of  potassa  to  that  use,  because  it  is  less 
prone  to  form  an  msoluble  bi-salt.  The  crystab  of  tartrate  of  soda 
are  fine  needles. 

5.  Tartrate  of  ammonia  is  formed  synthetically ;  bitter,  very 
soluble ;  forms  an  insoluble  bi-tartrate. 

6.  Earthy  tartrates. — ^The  tartrate  of  lime  is  produced,  as  al- 
ready mentioned,  in  the  process  for  tartaric  acid ;  it  has  no  other  use. 

*  From  the  apothecary  by  whom,  and  the  plaee  at  which,  this  salt  traa  first  formed. 
i  Ann.  de  Ch.  et  de  Ph.  Vol.  ixi,  p.  281,  and  h. 

Vol.  n.  60 
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The  other  earthy  tartrates  are  formed^  m  general,  by  dooUe  ex- 
change, between  the  tartrate  of  potassa  and  a  soluble  salt  of  the  earth. 

7.  Metallic  tartrates. — ^That  of  antimony  and  potassa  is  the 
only  important  one,  (see  antimony  p.  212.) 

The  tartrate  of  lead,  formed  between  acetate  of  lead  and  tartaric 
acid  or  tartrate  of  potassa,  is  a  white  powder,  and  when  warmed  in  a 
tube  and  poured  out  into  the  air  it  ts  a  pyrophorus. 

Tartrate  of  mercury  is  an  insoluble  white  powder ;  a  triple  com- 
pound is  formed  between  6  parts  of  cream  ot  tartar  and  1  oxide  of 
mercury  by  boiling. 

III.  Citric  Acid. 

I.  Name,  from  Citrus^  the  lemon  or  orange,  which  contains  it 
in  abundance ;  discovered  by  Mr,  Scheek,  of  Sweden. 

II.  Process.* 

(a.)  Lime  or  lemon  juice  is  neutralized  by  chalk,  and  the  citrate 
of  lime  is  decomposed  by  sulphvric  add. 

(i.)  Saturate  the  expressed  juice  by  powdered  chalk,f  with  agi- 
tation ;  after  subsidence  of  the  solid  citrate  of  lime  decant  the  wa- 
ter, add  more,  repeatedly,  till  there  is  no  taste  or  color  in  the  fluid. 

(c.)  To  the  solid  citrate,  J  constantly  stirred,  add  as  much  sulphuric 
acid,  of  a  density  not  far  from  1.85,  diluted  with  10  parts  of  water; 
stir  the  mixture,  occasionally,  for  24  hours;  let  the  sulphate  of  lime 
subside ;  add  water,  till  it  comes  off  tasteless ;  mix  the  liquors,^  and 
evaporate  to  i,  and  more  sulphate  of  lime  will  fall;  evaporate  again 
to  the  density  of  a  syrup,  and  brown  crystals  will  form,  which  are  pu- 
rified by  repeated  solutions  and  crystallizations. 

III.  Properties. 

(a.)  Crystallizes  in  large  rhomboidal  tables  or  prisms ;  transpa- 
rent and  beautiful ;  primitive  form,  a  right  rhombic  prism. 


*  As  citric  acid  has  become  an  important  article  of  commerce,  much  attention  b 
now  paid  to  the  details  of  the  manufacture,  a  fuil  account  of  which  may  be  found  in 
Parkes'  Chemical  Essays,  and  in  the  46th  Vol.  of  the  Phil.  Mag.  See  ako  Henry's 
Chem.  nth  edition.  Vol.  ii,  p.  22S. 

t  Accordinpf  to  Dr.  Henry's  experience,  6  or  8  oz.  of  chalk  will  saturate  a  wine 
l^alloD  of  lemon  juice,  and  in  1  gallon,  he  has  found  even  12  oz.  of  solid  citric  acid,  but 
it  averages  about  6  or  8  oz.  to  1  gallon ;  for  a  method  of  estimating  the  proportion 
with  sufficient  accuracy,  see  Henry's  Chem.  Vol.  ii,  p.  229, 11th  edition. 

t  The  equivalents  are  dry  citrate  of  lime,  86,  -f*  49  of  strong  sulphuric  acid  di- 
luted with  10  of  water.  In  general,  90  parts  of  lemon  juice  (94  Proust,)  reqvve 
4  parts  of  chalk  for  saturation,  which  produce  6  parts,  (7 1-2  Proust,)  of  citrate  of  lime, 
and   18  parts  (20  Proust,)  of  sulphuric  acid  are  necessary  for  their  decomposition. 

{  They  may  contain  a  little  sulphuric  acid  and  mucilage ;  the  former  is  detected 
by  acetate  of  lead,  and  may  be  neutralized  by  more  citrate  of  lime ;  but  a  little  does 
no  harm,  as  the  citric  acid  crystallizes  and  leaves  the  sulphuric,  and  also  the  mucil- 
age.    If  there  is  lime  in  excess,  the  citric  acid  will  not  crystallize. 
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(b.)  Crystali^  permanent*  in  the  air;  lose  about  7  pr.  ct«  by  being 
heated,  to  the  point  just  below  decomposition ;  endure  all  climates  and 
vicissitudes  of  weather,  unchanged^  but  the  aqueous  solution,  like  those 
of  most  vegetable  bodies,  is  slowly  decomposed  by  keeping. 

(c.)  Taste  very  acidy  but  agreeable,  and  not  corrosive  ;  in  solution 
with  waier,  it  va grateful;  reddens  the  vegetable  blues;  soluble  in  li 
part  of  cold  water,  and  in  half  its  weight  of  boiling  water. 

(d.)  JS/ttric  acid  J  3  parts,  converts  it  into  the  oxalic^  half  a  part, 
and  by  increasing  the  proportion  of  the  nitric,  it  is  essentially  con- 
verted into  the  acetic  acid. 

(e.)  Composition. — ^The  mo^t  eminent  chemists  have  obtained  dif- 
ferent  proportions ;  but  the  most  probable  constitution,  deduced  from 
the  experiments  of  Thomson  and  Berzelius,  appears  to  be,  carbon 
4  equiv.  =  24,  and  oxygen  4  =  32,  hydrogen  2  =  68,  the  equiv. 
of  the  acid.f 

(/.)  Destructive  distillation  affords  the  usual  products  of  veget- 
able decomposition,  and  also  an  add,  supposed  to  be  a  peculiar  one  ; 
it  is  called  the  pyro-citric,  but  if  a  distinct  acid,  it  is  not  important*! 

IV.  Uses.— ^Tartaric  acid  is  carried  to  sea  as  an  antidote  to 
scurvy  ;  it  affords  an  excellent  substitute  for  lemonade;  it  is  necessary 
only  to  dissolve  it  in  about  19  parts  of  water  with  sufficient  sugar, 
and  add  the  essential  oil  of  lemons.  It  may  be  mixed,  in  the  pro- 
portion of  half  an  ounce  with  one  pound  of  sugar,  and  this  may  be 
essenced  by  5  or  6  drops  of  oil  of  lemons  on  a  lump  of  sugar. 

It  was,  many  years  ago,  suggested  by  Fourcroy,  that  the  juice  of 
limes  and  lemons  might,  in  the  West  Indies,  be  saturated  with  lime  or 
chalk,  and  then  exported  to  Europe  for  decomposition  by  sulphuric 
acid ;  this  is  now  done  with  advantage. 

Citric  acid  is  often  employed  in  making  the  effervescing  mixture, 
with  carbonate  of  potassa  or  soda.  It  )-emoves  iron  stains  in  the 
same  manner  as  oxalic  acid.  It  is  used  by  dyers,  to  enliven  the  color 
of  the  safflower,  and  to  produce  a  fine  red  with  tin  and  cochineal, 
especially  for  silk  and  morocco.  Like  tartaric  acid,  it  whitens  and 
hardens  tallow.  As  the  tartaric  acid  is  cheaper  than  the  ciuric,  it  is 
sometimes  used  to  adulterate  it,  and  may  be  discovered,  by  adding 
carbonate  of  potassa,  which,  if  tartaric  acid  be  present,  will  precipi- 
tate cream  of  tartar. 


*  I  have  one  nearly  an  inch  square,  formed  in  -London,  (July  1805,)  which  re- 
mains unchanged  after  twenty  five  years ;  the  acid  in  the  entire  solution,  placed  in 
Mr.  Accum's  garret  and  forgotten,  was  found  to  have  been  absorbed  into  a  single 
crystal,  doubtless  at  the  expense  of  many  smaller  ones,  in  the  manner  pointed  out 
by  Dr.  Wollaston,  (Faraday*s  Chem.  Manip.  p.  253.)  In  general,  great  quantities 
of  fluids  are  necessary  to  produce  large  and  fine  crystals,  according  to  the  method 
of  Mr.  Diz6  in  Paris. 

t  For  different  views,  see  Henry,  lith  edition,  Vol.  xi,  p.  231,  and  Phil.  Trans. 
1812 ;  alpo  Gray's  Operatire  Cliemist. 

tScellcnry,  Vol.  ii,p.233. 
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Citrates. — ^Formed  synthetically,  but  they  are  lUde  h^&wnj  aad 
are  at  present  not  intere$ting.  In  general,  with  the  excepdoo  of  the 
citrate  of  »nc,*  they  fortn  gummy  masses  and  do  not  crystallize. 

Citric  acid  precipitates  barytic  but  not  lime  water,  unless  tbe  latter 
is  in  excess,  and  fully  saturated  in  tbe  cold.  Citrates,  soluble  in  iwitcr, 
are  those  of  the  alkalies,  magnesia  and  iron ;  insoluble,  or  spm^ 
soluble,  those  of  the  other  alkaline  earths,  and  of  }ead,  merciny 
and  silver,  but  more  of  their  own  acid  dissolves  them,  and  they  are 
decomposed  by  sulphuric  acid. 

IV«  Malic  Acid. 

I.  Name,  kjcfrom  Malum^  iht  apphy  in  which  it  is  found ;  it  ex- 
ists also  in  the  currant,  the  strawberry,  blackberry,  cherry,  raspberry, 
barberry,  plum,  hawthorn,  houseleeK,  tamarmd,  berries  of  the  ser- 
vice tree,  &c. 

II.  Discovert. — By  Scheele^in  Stvedenj  in  1785. 

^^^      III.    PROCESSES.f 

(fl.)  The  juice  of  the  unripe  berries  of  the  service  tree  (Soikus 
aucuparia)  affords  malic  acid  by  a  very  complicated  and  trouUesoine 
process4 

(b.)  The  following,  on  the  same  plan,  is  more  concise.  Thejwa 
of  the  unripe  berries  of  the  service  tree  or  mountain  ash,  diluted  with 
3  or  4  parts  of  water  is  filtered  and  heated^  boiling  hot,  and  acetate  (f 
lead  is  added j  as  long  as  it  is  turbid ;  the  nudate  of  lead  is  dissolved  and 

*"  Citrate  of  wda  crystallizes  in  tix  sided  prisms. — Ure, 

t  1.  By  digesting  sugar  tcith  its  weight  of  weak  nitric  acid  ;  this  is  the  wse 
process  as  that  for  oxalic  acid,  but  with  less  Ditric  acid ;  oxalic  acid  is  also  Anned 
and  may  be  saturated  by  Hme  water,  with  which  It  precipitates;  more  lime  orcbatt 
Is  added  to  saturate  the  malic  acid  and  form  a  soluble  malate  of  lime,  which  is  co- 
agulated by  alcohol.  It  is  ag:aln  dissolved  in  water,  decomposed  by  acetate  of  ksd, 
to  Ibrm  an  insoluble  acetate  of  lead  and  tlicn  the  malic  acid  is  separated  by  the  wl- 
phuric,  which  unites  with  the  water.  This  process  is  complicated  and  often  tails, 
at  least  in  my  exporience. 

2.  The  juice  if  sour  apples,  gooseberries  and  other  fruits^  containing  citric  and 
tartaric  and  sometimes  other  acids,  is  reduced  greatly  by  evaporation  ;  alcohol  coag- 
ulates the  mucilage  and  dissolves  the  acids ;  chalk  neatralices  them,  and  hot  water 
dissolves  the  malate  of  lime  and  leaves  the  citrate,  which  is  insoluble ;  sulphuric 
acid  then  decomposes  the  dissolved  malate  of  lime. 

8.  The  juice  of  sour  apples  is  neutralized  hy  carbonate  of  potassa^  dccoinp»e<J 
by  acetate  of  lead,  the  insoluble  malate  of  lead  is  also  decomposed  by  diluted  sulp^iU* 
ric  acid,  separated  fix>in  the  sulphate  of  lead  and  evaporated  to  a  certain  coo^isteoee; 
but  it  does  not  crystallize ;  it  forms  a  brownish  red  fluid.  Braconnot  states,  that  diis 
acid  is  contaminated  by  a  mucilaginous  matter,  between  gum  and  sugar;  1  fiod  i^ 
jtis  decomposed  bv  long  keeping;  it  deposits  a  sediment  and  becomes  white. 

4.'  T/ie  juice  oA/iaiiS£^eiir,(Sempervivumtcctoi  urn,)  is  treated  in  the  same  viO^ 
ner,  and  to  remove  any  excess  of  sulphuric  acid,  tlie  fluid  is  boiled  with  lithaqgs; 
sulphuretted  hydrogen  precipitates  the  lead ;  the  liquor  is  evaporated  to  the  consis- 
tence of  a  syrup,  alcohol  separates  the  malic  acid  from  some  oxalate  of  lime,  distil' 
lation  removes  the  alcohol,  and  water  dissolves  the  remaining  acid.  Ann.  de  Cbiok 
etdePhys.  Vol  vi.  p.  331. 

X  For  which  see  Ann.  de  Chim.  et  dc  Phys.  Vol,  vi,  and  Henry's  Chem.  Vol 
IX,  p.  239. 


VEGETABLE  ACIDS.  477 

the  coloring  mMer  faUsf  the  fluid  is  filtered  at  a  boiling  heat ;  at  first 
the  crystals  are  dark,  but  after  decantation,  brilliant  white  ones  ap- 
pear, and  are  decomposed  by  dilute  sulphuric  addy  not  sufiicient  to 
saturate  the  lead  and  the  excess  is  removed  by  sulphuretted  hydro- 
gen, (Turner.^  Or,  saturate  the  acid  juice  with  chalk,  and  there  is 
Tormed  a  soluole  bi-malate  of  lime,  which,  by  filtration  through  ani- 
mal charcoal,  becomes  colorless  and  crystallizes;  it  is  decomposed  by 
sulphuric  acid. — g-l.  Cours,  Sec. 
IV.  Properties. 

(a.)  Tasie^  agreeably  add;  inodorous;  formerly  described  as  un- 
crystallizable,  but  recently,  as  crystallizing  with  difficulQr  and  im- 
perfectly ;  the  solution,  when  evaporated,  becomes  thick  and  syrupy. 
(6.)  Very  soluble  in  alcohol  and  in  water;  the  watery  solution  is 
decomposed  by  keeping ;  by  nitric  acid,  it  is  converted  into  the  oxalic, 
(c.)  Heatedj  away  from  the  air^  it  sublimes  in  crystals  o/r  modifi- 
ed acid,  called  the  pyro-malic  acid.* 

(rf.)  Composition. — Carbon,  40.68  +  oxygen,  13.66  +  water, 
45.76 ;  corresponding  to  4  equiv.  of  carbon =24+ 1  of  oxygen,  8+3 
of  water-=27=59  its  probable  equivalent.f  Sheet  lead,  steeped  in 
apple'  juice  for  a  few  days,  forms  malate  of  lead  which  may  be  de- 
composed by  dilute  sulphuric  acid. 

Malates — Unimportant  salts  and  little  known.  In  general,  they 
are  much  more  soluble  than  the  oxalates.  The  malates  of  potassa 
and  soda  are  soluble  and  deliquescent ;  the  malates  of  lead|  and  lime 
are  very  insoluble  in  cold  water,  but  dissolve  easily  in  boiling  water, 
while  die  oxalate,  tartrate,  and  citrate  of  those  bases  are  insoluble 
even  in  boiling  water. 

Remark. — ^The  citric,  tartaric  and  malic  are  among  the  principal 
acids,  which,  along  with  sugar,  mucilage  and  other  principles,  give  the 
flavor  to  fruits,  and  we  derive  from  Scheele  most  of  our  knowledge 
on  the  subject.^ 

•  Ann.  de  Chim.  etde  Phys,  Vol.  xxxiv,  p.  271. 

t  Prout.  Phil.  Trans.  1827. 

i  The  malate  of  lead,  formed  between  malic  acid  or  a  toluble  malate  and  ace- 
tate of  lead,  is  at  first  a  white  powder,  but  by  keeping  for  some  houm  it  is  converted 
into  beautiful  pearly  crystals ;  thb  is  a  peculiar  property. 

§  He  stales  that  the  expressed  juices  of  Berberis  vulg:aris,  the  Barberry  tree — 
Sambucus  nigra,  Elder — Prunus  spinosa,  Sloe — Sorbus  auciiparia.  Service — Prunus 
domestica,  Garden  Plum — afford  much  malic  acid,  and  little  or  none  of  the  citric. 

Ribes  Grossularia,  the  Hairy  Gooseberry,  Bibes  rubrum,  the  Currant,  Vaccinlum 
Myrtillus,  the  Whortleberry,  Crategus  Aria,  Common  Lotus,  Prunus  Cerasus,  the 
Cherry,  Fragaria  vesca,  the  strawberry,  Rubus  chamaemorus.  Bilberry,  Rubusidasus. 
Rasberry :— appear  to  contain  half  of  the  one  and  half  of  the  other. 

Vaccinlum  Vitis  Idata,  Vaccinium  oxycoccos,  marshwhortle,  Prunns  padus.  Bird's 
Cherry,  Solanum  dulcamara,  Rosa-cantna,  Eglantine,  Citrus,  citron  or  Lemon : — 
contain  much  citric  and  little  or  none  of  the  malic  acid. 

The  acid  of  green  giapcs  and  of  tamarinds  contains  citric  acid  with  malic  and  tar- 
taric. 
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, 

E<|«iv.      Equk. 
ofbue.     of  Mid.      Bat. 

Add.       EqoiT. 

I      +      1    =   48 

+     36  =    84 

1     +     2  =  48 

+     72  =  120 

1     +     4  =  48 

+   144  =  192  (h.) 

{a) 
(b.) 
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Oxalate  contains 

Bin-oxalatei 

Quadroxalatei 

rV.  Oxalate  or  Soda. 

fa.)  Formed  syntheiicaUy. 
6.)  Composition, — ^Base  1  equiv.  32+1  of  acid,  36=^68  iueqoiT- 
•lent  ;*  100  of  soda  require  1 12.5  acid,  and  as  it  forms  a  bio-OKalaie, 
twice  as  much  acid  =  225  parts  are  rejjuired  m  that  salt ;  1  Muhr. 
base  s  32  4-  2  of  acid  »  72  s&  1 04,  its  equiv. ;  there  is  no  quadroxajate, 
V.  Oxalate  or  Aioionia. 
Formed  mpniheiicdUy. 

Crytallizei  in  long  transparent  pritms;  UuU  bitter, 
(e.)  Soluble  at  60^  in  the  ratio  of  45  grains  to  1000  of  wasar; 
tfi  not  water  very  ^olubUj  and  a  saturated  solution,  on  cooling,  deposits 
crystals. 

{d.)  Compontion. — ^Ammonia  1  equiv.  17  +  1  of  acid,  36  =53 
the  equivalent  of  the  anhydrous  salt,  and  in  the  crystals  tbare  are 
2  equiv.  of  water  18=;71 ;  there  is  a  bin-oxalate,  not  so  soluble  ais 
the  oxalate.  Iti$a  very  utefid  reagent^  especiaUy  in  detecting  limtj 
and  is  preferred  to  oxalic  acid,  because  the  latter,  by  settii^  free 
a  mineral  acid,  might  cause  the  resolution  of  the  oxalate  of  limei  w)^ 
the  acid  would  be  engaged  by  the  amn^onia,  if  tbe  oxalate  of  that 
base  were  usee)* 

VI.  Oxalate  or  Lime. 
(a.)  Formal},  bettoeen  oxalic  add  or  any  soluble  qxalate^  and  lime 
Vfoter,  or  any  soluble  calcareous  salt ;  turns  syrup  of  violets  gp^eeo. 
(6.)  It  is  a  white  powder^  insoluble  in  water^  but,  when  rec^tfy 
precipitated,  it  is  verv  soluble  in  nitric  and  muriatic  acids  ;  if,  in  any 
water,  which  we  could  examine  for  lime,  by  rneans  of  oxalic  acid  or 
a  soluble  oxalate,  nitric  or  muriadc  acid  is  present  iq  a  free  state, 
they  must  be  neutralized  before  the  application  of  the  test ;  thus,  ox- 
alic acid  and  lime  become  tests  of  eacfi  other's  presence. 
!c.)  Decomposed  by  carbonate  of  potassa. 
d,)  Composition, — ^Lime'l   equiv.  28  +  acid   1  equiv.  36=64 
the  equiv.  ot  the  salt;  per  cent,  lime  43.75  +  acid  56.25=100. 

y  slowly  dried^  it  retains  four,  ^  rapidly ^  six  equivalents  afwater^ 
and  it  is  anhydrous,  after  being  heated  to  560^  F.  which  temperature 
it  sustains  without  decomposition.  There  is  no  bin-oxalate.  TTiis 
salt  is  the  basis  of  the  mulberry  calculus. 

VII.  Oxalate  or  baryta  and  oxalate  or  strontia  have  nothing 
interesting,  except  that  the  bin-oxalate  of  baryta  is  soluble,  while  the 


*  The  water,  cootained  in  the  crystals,  is  not  in  equivalent  proportion  and  \a  neg- 
lected. 
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oxalate  is  iwf  riy  insoluble ;  die  latter  is  converted  into  tbe  feraper,  by 
the  addition  of  acid,  fund  its  crystals  are  decomposed,  by  meve  solu- 
tion in  water. 

VUI.  OxALATS  OF  MAGNESIA,  formed  by  mingling  nJphate  of 
magnena  and  oxaUUe  of  ammonia;  if  the  sulphate  has  been  mod- 
erately diluted,  with  cold  water,  it  is  not  precipitated  until  it  is  heat- 
ed, althouj^  after  it  has  fallen,  it  is  insoluble ;  as  lime  is  mstandy  pre- 
cipitated,  this  «0htd^  the  best  method  known  of  separating  these 
earths.  Among  the  metallic  oxalates,  some,  as  those  of  nickel  9ia4 
cobalt,  afford  a  pure  metal,  by  ignition. 

IX.  2%e  oxalate  of  lead^  fcxrmed  by  oxalic  acid  and  acetate  or 
nitrate  of  the  metal,  deionatesj  by  beif^  heated  in  a  tube  with  bits  of 
potassium.* 

X.  The  oxalate  ofmercuryj  produced  in  the  same  manner,  detonates 
hu  heat  J  and  was  formerly  supposed  to  enter  into  the  constitution  of 
Howard's  fulminating  mercury.  Oxalate  or  bin-oxalate  of  potassa 
and  antimony,  heated  together  in  a  covered  crucible,  affi)rd.an  alloy 
of  potassium  and  antimony.  Per-oxalate  of  copper,  digested  with 
oxalate  of  ammonia,  affords  crystals  that  detonate  by  a  sudden  heat. 

II.  Tartaric  Acid. 

I.  Name  anb  History. 

JSrame^Jrom  the  crude  tartar  cfmne,  or  from  the  salt  that  is  pu- 
rified from  it,  (cream  of  tartar,)  irom  which  this  acid  is  extracted. 
Discovered  by  ScheeU  in  1770.f  It  exists  in  several  acidulous 
fruits}  but  always  in  combination  with  lime  or  potassa.  We  always 
extract  it  from  combination;  it  is  never  formed  ^nthetically. 

II.  Process,  II  by  decomposing  the  bitartrate  of  potassa^  by  chalk. 
Taking  the  propprtions  by  the  equivalents,  they  are  as  follows.^ 

•  H.  and  Phil.  Mag.  1827. 

t  Hi9  first  recorded  discovery. 

i  Found  in  ^e  tamarind,  in  balm,  Carduus  benedictus,  roots  of  resharrow,  ger- 
ipande?  and  sage ;  sumach  is  quoted  in  foreign  books  as  containing  tartaric  acid, 
bat  I  am  reminded  by  Prof.  Tully,  that  the  American  Bhus  glabra  a^rds  malic 
acid,  and  that  this  is  probably  the  fact  with  all  the  other  American  acidulous  sumachs. 
—Ann.  Lye.  N.  York,  Vol.  i,  p.  42.— I.  Cozzens. 

II  Or,  100  parts  of  cr^a^i  of  tartar,  26 1-2  to  30  chalk  in  8  or  10  tim^a  as  muoh 
water ;  add  the  chalk  by  portions,  when  the  effervescence  ceases,  add  to  Uie  clefu* 
Uquor  a  solution  of  nitrate  or  muriate  of  lime,  so  long  as  a  precipitate  falls,  wash  it 
and  then  double  as  much  sulphuric  acid -as  chalk  must  be  added  to  the  tartrate  of  lia»e 
diffused  in  water,  and  after  24  hours,  the  liquor  may  be  examined  for  sulphuric  acid 
by  adding  acetate  of  lead ;  if  the  precipitate  is  only  tartrate  of  lead  it  will  be  entirely 
soluble  in  diluted  nitric  acid ;  if  any  thing  remains,  it  is  sulphate  of  lead,  indicating  an 
excess  of  sulphuric  add  which  may  be  saturated  by  more  chalk,  or  if  the  tartrate  of 
lime  has  not  all  been  decomposed,  more  sulphuric  acid  may  be  added.  A  little  ex- 
cess of  sulphuric  acid  does  no  harm,  but  much  would  decompose  the  tartaric  acid. 

Dr.  Henry  thinks,  that  no  advantage  is  gained  by  substituting  quick  lime  for  chalk, 
Ibr  although  more  of  the  cream  of  tartar  is  decomposed,  the  liberated  potassa  dissolves 
the  tartrate  of  lime  and  thus  prevents  its  precipitation.  With  chalk  we  remove 
only  one  equivalent  of  tartaric  add.— ifenry  and  A.  A.  Hayes,  §  Turner. 
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Powder  of  cream  of  tartar  (bitartrate  of  potassa)  198  parts,  or  one 
cquivalenti  intimately  mixed  with  50,  or  one  equiv.  of  chalk;  throv 
the  mixture,  by  portions,  into  10  parts  of  boiling  water ;  carbonic  acid 
escapes,  with  effervescence,  and  1  equiv.  of  tartrate  of  lime  falls,  and 
one  of  soluble  tartrate  of  potassa  remains  in  solution  ;*  the  precipi- 
tate is  washed,  and  then  diffused  through  a  moderate  portion  of  water, 
containing  one  equiv.  of  sulphuric  acid,  49 ;  digestion  liberates  the 
tartaric  acid,  and  after  the  separation  of  the  sulphate  of  lime  bj  the 
filter  and  due  evaporation,  the  acid  is  obtamed  in  crystals. 

III.  Properties. 

(a.)  Taste  very  acid,  setting  the  teeth  on  edge,  but  when  diluted, 
it  is  agreeable ;  reddens  the  vegetable  blues, 

(b.)  Crystallizes  in  tables  or  prisms  ;\  primitive  form  a  right  rfaom- 
bic  prism;  sp.  gr.  1.59. 

(c.)  Soluble  in  5  or  6  parts  of  water  at  60^,  and  in  much  less  of 
boiling  water,  a  saturated  solution,  sp.  gr.  1.230,  becomes  roouldj 
on  the  surface  by  keeping ;  soluble  in  alcohol. 

Id,)  By  strong  nitric  acid,  converted  into  oxalic. 

(e.)  Does  not  predpiiaie  lime  from  the  mineral  acidsy  but  seporales 
it  from  the  vegetable ;  it  precipitates  baryta  and  strontia. 

(/.)  Composition. — By  the  researches  of  the  most  distinguished 
analysts,  it  appears,  that  this  acid  contains  about  tu>o  thirdi  ofiu 
toeight  of  oxygen;  from  one  auarter  to  one  third  of  carbon,  and  a 
smml  portion  of  hydrogen.  Dr.  Henry  gives,  as  the  most  probable 
constitution,    Carbon      4  equiv.        24  36.36 

Oxygen     5      "  40  60.61 

Hydrogen  2      "  23.03 

66  100.— And  the  crys- 

tals consist  of  anhydrous  acid  1  equiv.  66+1  water  9=75;  percent. 
88.16  acid  +  1 1 .84  water.J 

(gf.)  Destructive  distillation  gives  pyro-tartaric  add^  besides  Ik 
usual  products  of  much  inflammable  and  other  gases,  and  charcoal 
remains.  The  add  rises  in  sublimation  and  is  also  dissolved  in  the 
fluid;  it  affords  crystals,  which,  by  heat,  give  a  white  sublimate; 
its  distinct  character  has  been  bodi  admitted  and  denied,  and  is  now 
admitted  again. 

*  It  may  be  decomposed  by  muriate  of  lime  and  the  insoluble  tartrate  of  lime*  ^y 
sulphuric  acid,  as  before,  or  it  may  be  reserved  as  tartrate  of  potassa  for  other  purposes. 

t  The  appearance  of  the  crystals  is  often  confused ;  in  plates,  needles,  leavei, 
pyramids,  prisms,  groups,  &c. 

t  Prout,  Phil.  Trans.  1827.— Thomson's  First  Principles.  11,  115. 

§  This  has  been  supposed  to  be  the  acetic,  disguised  by  oil ;  it  differs  from  the 
tartaric  in  tlie  compounds  it  forms;  it  does  not  precipitate  baryta  or  lime,  or  /bnu  * 
salt  of  sparing  solubility  with  potassa. . 
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rV.  Uses. — The  tartaric  acid  is  so  interisely  sour^  as  to  require 
large  dilution  wUh  water j  when  taken  as  a  beverage. 

It  is  given  in  the  military  hospitals  as  a  cooling  drink^  and  its 
use  in  soda  powders  has  been  already  stated.*  It  is  free  from  the 
rough  taste  of  cream  of  tartar,  and  is  one  of  the  most  agreeable  and 
permanent  of  the  vegetable  acids ;  its  crystals  undergo  no  change  by 
weather,  climate  or  time. 

It  is  now  largely  manufactured  and  sold  in  the  shops,  under  the 
name  of  tartaric  acid,  and  is  an  agreeable  substitute  for  lemonade, 

TARTRATES. 

1.  The  tartrates  consist  of  tartaric  acid,  and  a  base,  which,  when 
they  are  decomposed  by  heat,  is  generally  left,  mixed  with  charcoal. 

2.  The  bi-tartrates  are  less  soluble  than  the  tartrates,  in  this  respect 
resembling  the  oxalates ;  the  earthy  tartrates  are  generally  insoluble, 
and  are  obtained  by  double  decomposition. 

3.  All  the  soluble  tartrates  form  bi-tartrates  of  sparing  solubility, 
while  the  insoluble  tartrates  may  be  dissolved,  in  an  excess  of  their 
own  add. 

4.  The  tartaric  acid  is  prone  to  unite  with  two  bases,  at  once,  to 
form  double  salts. 

I.  Bi-TARTRATE  OF  poTAssA. — Cream  of  tartar. 

I.  OKiQim.^Eodsts  in  many  vegetables  and  fruits^f  and  is  pro- 
duced by  the  fermentation  of  the  juice  of  grapes,  especially,  those 
affording  the  red  and  Rhenish  wines ;  the  salt,  as  it  forms  during 
the  fermentation,  is  deposited  on  the  interior  of  the  unne  casks j"^  and 
from  this  substance,  called  tartar,  or  crude,  or  wine  tartar,  or  arga],' 
the  cream  of  tartar,  bi-tartrate  of  potassa,  is  prepared.^J 

The  process  consists,  as  in  the  case  of  bin-oxalate  of  potassa,  in 
solutions,  filtralions  and  crystallizations,  clay  or  whites  of  eggs  being 
used,  to  clarify  the  fluid.  The  crust  of  crystals,  that  appears  on  the 
surface,  being  skimmed  like  cream,  and  hence  the  origin  of  the  ap- 
pellation, cream  of  tartar. 

II.  Properties. 

(a.)  Crystals,  irregular  six  sided  prisms\\  with  six  terminating  fa- 
ces ;  the  primary  form,  a  right  prism  rectangular  or  rhombic.  Sp. 
gr.  1.953. 

(6.)  Tasie,  /acid  and  rough;  britde ;  reddens  the  vegetable  blues. 

*  Vol.  I,  p.  883.  t  It  is  abundant  in  the  tamarind. 

t  It  is  Inocked  off  and  sold  under  the  name  of  wine  stone ;  it  often  contains  or 
copies  the  fibres  of  the  cask,  and  is  colored  more  or  less  deeply  by  the  wine. 

§  Rozicr,  Jour,  de  Ph.  Vol.  i,  p.  67. — Memoires  de  la  Academic,  1726,  and  Four- 
croy.  Vol.  vii,  p.  819. 

J  For  a  more  exact  account  of  their  form,  see  Thomson's  Annals,  Vol.  x,  p.  37, 
N.  S.  Vol.  y It,  p.  161. 
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The  other  earthy  Urtrates  are  formed,  in  general,  by  double  ex- 
change, between  the  tartrate  of  potassa  and  a  soluble  salt  of  the  earth. 

7.  Metallic  tartrates. — ^That  of  antimony  and  potassa  is  the 
only  important  one,  (see  antimony  p.  212.) 

The  tartrate  of  lead^  formed  between  acetate  of  lead  and  tartaric 
acid  or  tartrate  of  potassa,  is  a  white  powder,  and  when  warmed  in  a 
tube  and  poured  out  into  the  air  it  if  a  pyrophorus. 

Tartrate  of  mercury  is  an  insoluble  white  powder ;  a  triple  com- 
pound is  formed  between  6  parts  of  cream  ol  tartar  and  1  oxide  of 
mercury  by  boiling. 

III.  Citric  Acid. 

I.  Name,  from  Citrus^  the  lemon  or  orange,  which  contains  it 
in  abundance ;  discovered  by  Mr.  Scheele,  of  Sweden. 

II.  Process.* 

(a.)  Lime  or  lemon  juice  is  neutralized  by  chalky  and  the  citrate 
of  lime  is  decomposed  by  sulphuric  acid. 

(6.)  Saturate  the  expressed  juice  by  powdered  chalk,f  with  agi- 
tation ;  after  subsidence  of  the  solid  citrate  of  lime  decant  the  wa- 
ter, add  more,  repeatedly,  till  there  is  no  taste  or  color  in  the  fluid. 

(c.)  To  the  solid  citrate,  J  constantly  stirred,  add  as  much  sulphuric 
acid,  of  a  density  not  far  from  1.85,  diluted  with  10  parts  of  water; 
stir  the  mixture,  occasionally,  for  24  hours;  let  the  sulphate  of  lime 
subside ;  add  water,  till  it  comes  off  tasteless ;  mix  the  liquors,^  and 
evaporate  to  i,  and  more  sulphate  of  lime  will  fall ;  evaporate  again 
to  the  density  of  a  syrup,  and  brown  crystals  will  form,  which  are  pu- 
rified by  repeated  solutions  and  crystallizations. 

III.  Properties. 

(a.)  Crystallizes  in  large  rhomboidal  tables  or  prisms ;  transpa- 
rent and  beautiful ;  primitive  form,  a  right  rhombic  prism. 


*  Ab  citric  acid  has  become  an  important  article  of  commerce,  much  attention  U 
now  paid  to  the  details  of  the  manufacture,  a  full  account  of  which  may  be  fouiHi  in 
Parkea'  Chemical  Essays,  and  in  the  46th  Vol.  of  the  Phil.  Mag.  See  also  Uenry*8 
Chem.  nth  edition,  Vol.  ii,  p.  228. 

t  According  to  Dr.  Henry's  experience,  6  or  8  oz.  of  chalk  will  saturate  a  wine 
galloo  of  lemon  juice,  and  in  1  gallon,  he  has  found  even  12  oz.  of  solid  citric  acid,  but 
it  averages  about  6  or  8  oz.  to  1  gallon ;  for  a  method  of  estimating  the  proportion 
with  sufScicnt  accuracy,  see  Henry's  Chem.  Vol.  ii,  p.  229, 11th  edition. 

i  The  equivalents  are  dry  citrate  of  lime,  86,  -|-  49  of  strong  sulphuric  acid  di- 
lated with  10  of  water.  In  general,  90  parts  of  lemon  juice  (94  Proust,)  reqau« 
4  parts  of  chalk  for  saturation,  which  produce  6  parts,  (7 1-2  Proust,)  of  citrate  of  lime, 
and   18  parts  (20  Proust,)  of  sulphuric  acid  are  necessary  for  their  decomposition. 

§  They  may  contain  a  Httle  sulphuric  acid  and  mucilage  ;  the  former  is  detected 
by  acetate  of  lead,  and  may  be  neutralized  by  more  citrate  of  lime ;  but  a  tittle  does 
no  harm,  as  the  citric  acid  crystallizes  and  leaves  the  sulphuric,  and  also  the  mucil- 
age.    If  there  is  lime  in  excess,  the  citric  acid  will  not  crystallize. 
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(6.)  Crystals,  often  irregular  six  sided  prisms,  with  dihedral  sum- 
mits ;  primitive  form,  a  right  rbomboidal  prism. 

(c.)  Composition, — Acid  1  equiv.  66  +  1  potassa  48  =  114,  and 
in  the  crystals,  2  equiv.  of  water  18=132 ;  a  heat  of  248^  F.  ex- 
pels the  water  without  decomposing  the  acid ;  per  cent,  the  anhydrous 
salt  contains  acid  57.90  +  potassa  42.10. 

IV.  Uses. — Chiefly  medical;  it  is  the  soluble  tartar  of  the  phy- 
sician, and  is  frequently  formed  in  the  first  mode  named  above. 

Remark. — Such  is  the  tendency  of  tartaric  acid  to  form  an  inso- 
luble bi-tartrate,  with  potassa,  that  it  takes  that  alkali  even  from  the 
mineral  acids-— e.  g.  irom  tlie  muriate  of  potassa,  and  when  tartaric 
acid  is  added  to  a  solution  of  tartrate  of  potassa,  a  white  powder  falls, 
which  is  the  bi-tartrate.  If  to  a  strong  solution  of  tartaric  acid,  we 
add  half  enough  of  potassa  to  saturate  the  acid,  there  will  be  a 
precipitate  of  bi-tartrate ;  if  as  much  more  alkali  is  added,  it  will  be 
redissolved  and  the  precipitate  will  be  renewed  on  adding  an  acid, 
e.  g.  the  muriatic. 

3.  Tartrate  or  potassa  and  soda. — Salt  of  Seignettey*  Ro^ 
chelle  salt.* 

I.  Process. 

(a.)  By  saturating  cream  of  tartar,  18  parts,  tvith  svh-carbonate 
of  soda,  18. 

II.  Properties. 

(a.)  The  crystals  are  often  large  and  very  beautiful;  form  pris- 
matic, or  rhomboidal  prisms,  with  10  or  12  sides. 

{b.)  Soluble  in  5  parts  of  cold,  and  in  much  less  of  boiling  water; 
taste,  bitter. 

(c.)  Composition. — ^Tartrate  of  potassa  54  +  tartrate  of  soda  46, 
which  are  almost  exactly  the  equivalent  proportions. 

III.  Uses. — A  valuable  medicine. 

The  cream  of  tartar  is  so  prone  to  combine  with  an  additional 
base,  that  it  often  acts  as  a  simple  acid,  and  dissolves  oxides  that  are 
insoluble  in  the  mineral  acids,  and  even  in  the  tartaric.f 

4.  Tartrate  of  soda. — ^It  has  been  ahready  mentioned,  as  being 
formed,  when  the  soda  powders  are  mixed ;  carbonate  of  soda  is 
beU&r  adapted  than  carbonate  of  potassa  to  that  use,  because  it  is  less 
prone  to  form  an  msoluble  bi-salt.  The  crystab  of  tartrate  of  soda 
are  fine  needles. 

5.  Tartrate  or  ammonia  is  formed  synthetically ;  bitter,  very 
soluble ;  forms  an  insoluble  bi-tartrate. 

6.  Earthy  tartrates. — ^The  tartrate  of  lime  is  produced,  as  al- 
ready mentioned,  in  the  process  for  tartaric  acid ;  it  has  no  other  use. 

*  From  the  apothecary  by  whom,  and  the  place  at  which,  this  salt  "Was  fint  formed, 
t  Ann.  de  Ch.  et  de  Ph.  Vol.  in,  p.  281,  and  h. 

Vol.  U.  60 
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The  other  earthy  tartrates  are  formed,  in  general,  by  double  ex- 
change, between  the  tartrate  of  potassa  and  a  soluble  salt  of  the  earth. 

7.  Metallic  tartrates. — That  of  antimony  and  potassa  is  the 
only  important  one,  (see  antimony  p.  212.) 

The  tartrate  of  lead,  formed  between  acetate  of  lead  and  tartaric 
acid  or  tartrate  of  potassa,  is  a  white  powder,  and  when  warmed  in  a 
tube  and  poured  out  into  the  air  it  if  a  pt/rophorus. 

Tartrate  of  mercury  is  an  insoluble  white  powder ;  a  triple  com- 
pound is  formed  between  6  parts  of  cream  ol  tartar  and  1  oxide  of 
mercury  by  boiling. 

III.  Citric  Acid. 

I.  Name,  from  Citrus^  the  lemon  or  orange,  which  contains  it 
in  abundance ;  discovered  by  Mr,  Scheele^  of  Sweden. 

II.  Process.* 

(a.)  Lime  or  lemon  juice  is  neutralized  by  chalk j  and  the  citrate 
of  lime  is  decomposed  by  sulphuric  acid. 

(6.)  Saturate  the  expressed  juice  by  powdered  chalk,f  with  agi- 
tation ;  after  subsidence  of  the  solid  citrate  of  lime  decant  the  wa- 
ter, add  more,  repeatedly,  till  there  is  no  taste  or  color  in  the  fluid. 

(c.)  To  the  solid  citrate,  J  constantly  stirred,  add  as  much  sulphuric 
acid,  of  a  density  not  far  from  1.85,  diluted  with  10  parts  of  water; 
stir  the  mixture,  occasionally,  for  24  hours;  let  the  sulphate  of  lime 
subside ;  add  water,  till  it  comes  off  tasteless ;  mix  the  liquors,^  and 
evaporate  to  i,  and  more  sulphate  of  lime  will  fall ;  evaporate  again 
to  the  density  of  a  syrup,  and  brown  crystals  will  form,  which  are  pu- 
rified by  repeated  solutions  and  crystallizations. 

IIL  Properties. 

(a.)  Crystallizes  in  large  rhomboidal  tables  or  prisms ;  transpa- 
rent and  beautiful ;  primitive  form,  a  right  rhombic  prism. 


*  As  citric  acid  has  become  an  important  article  of  commerce,  much  attention  is 
now  paid  to  the  details  of  the  manufacture,  a  full  account  of  which  may  be  found  id 
Parkes*  Chemical  Essays,  and  in  the  46th  Vol.  of  the  Phil.  Mag.  See  also  Heory'i 
Chem.  11th  edition.  Vol.  ii,  p.  22S. 

f  According;  to  Dr.  Henry's  experience,  6  or  8  oz.  of  chalk  will  saturate  a  wine 
gallon  of  lemon  juice,  and  in  1  gallon,  he  hat  found  even  12  oz.  of  solid  citric  add,  but 
it  averages  about  6  or  8  oz.  to  1  gallon ;  for  a  method  of  estimating  the  proportioD 
with  sufficient  accuracy,  see  Henry's  Chem.  Vol.  ii,  p.  229,  11th  edition. 

t  The  equivalents  are  dry  citrate  of  lime,  86,  -|-  49  of  strong  snTphuric  acid  di- 
lated with  10  of  water.  In  general,  90  parts  of  lemon  juice  (94  Proust,)  reqaire 
4  parts  of  chalk  for  saturation,  which  produce  6  parts,  (7 1-2  Proust,)  of  citrate  of  lime, 
and   18  parts  (20  Proust,)  of  sulphuric  acid  are  necessary  for  their  decompositioa. 

§  They  may  contain  a  little  sulphuric  acid  and  mucilage ;  the  former  is  detected 
by  acetate  of  lead,  and  may  be  neutralized  by  more  citrate  of  lime ;  but  a  little  does 
no  harm,  as  the  citric  acid  crystallizes  and  leaves  the  sulphuric,  and  also  the  mucil- 
age,    if  there  is  lime  in  excess,  the  citric  acid  will  not  crystallize. 
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(i.)  CrystaUf  permanent*  in  the  air;  lose  about  7  pr.  ct.  by  being 
heated,  to  the  point  just  below  decomposition ;  endure  all  climates  and 
vidssiiudes  of  weather,  unchanged^  but  the  aqueous  solution,  Kke  those 
of  most  vegetable  bodies,  is  slowly  decomposed  by  keeping. 

(c.)  Taste  very  add^  but  agreeable,  and  not  corrosive  ;  in  solution 
mth  toatery  it  \s grateful;  reddens  the  vegetable  blues;  soluble  in  1^ 
part  of  cold  water,  and  in  half  its  weight  of  boiling  water. 

(d,)  Nitric  acid^  3  parts,  converts  it  into  the  oxalic,  half  a  part, 
and  by  increasing  the  proportion  of  the  nitric,  it  is  essenrially  con- 
verted into  the  acetic  acid. 

(c.)  Composition. — ^The  raofet  eminent  chemists  have  obtained  dif- 
ferent proportions ;  but  the  most  probable  constitution,  deduced  from 
the  experiments  of  Thomson  and  Berzelius,  appears  to  be,  carbon 
4  equiv.  =  24,  and  oxygen  4  =  32,  hydrogen  2  =  58,  ihe  equiv. 
of  the  acid.f 

(/.)  Destructive  distillation  affords  the  usual  products  of  veget- 
able decomposition,  and  also  an  add,  supposed  to  be  a  peculiar  one  ; 
it  is  called  the  pyro-dtric,  but  if  a  distinct  acid,  it  is  not  important. ;[ 

IV.  Uses. — Tartaric  add  is  carried  to  sea  as  an  antidote  to 
scurvy  ;  it  afibrds  an  excellent  substitute  for  lemonade ;  it  is  necessary 
only  to  dissolve  it  in  about  19  parts  of  water  with  sufficient  sugar, 
and  add  the  essential  oil  of  lemons.  It  may  be  mixed,  in  the  pro- 
portion of  half  an  ounce  with  one  pound  of  sugar,  and  this  may  be 
essenced  by  5  or  6  drops  of  oil  of  lemons  on  a  lump  of  sugar. 

It  was,  many  years  ago,  suggested  by  Fourcroy,  that  the  juice  of 
limes  and  lemons  might,  in  the  West  Indies,  be  saturated  with  lime  or 
chalk,  and  then  exported  to  Europe  for  decomposition  by  sulphuric 
acid ;  this  is  now  done  with  advantage. 

Citric  acid  is  often  employed  in  making  the  effervescing  mixture, 
with  carbonate  of  potassa  or  soda.  It  Removes  iron  stains  in  the 
same  manner  as  oxalic  acid.  It  is  used  by  dyers,  to  enliven  the  color 
of  the  safflower,  and  to  produce  a  fine  red  with  tin  and  cochineal, 
especially  for  silk  and  morocco.  Like  tartaric  acid,  it  whitens  and 
hardens  taUow.  As  the  tartaric  acid  is  cheaper  than  the  citric,  it  is 
sometimes  used  to  adulterate  it,  and  may  be  discovered,  by  adding 
carbonate  of  potassa,  which,  if  tartaric  acid  be  present,  will  precipi- 
tate cream  of  tartar. 


*  I  have  ODO  nearly  an  inch  square,  formed  in  -London,  (July  1805,)  which  re- 
mains unchanged  after  twenty  five  years ;  the  acid  in  the  entire  solution,  placed  in 
Mr.  Accum's  garret  and  forgotten,  was  found  to  have  been  absorbed  into  a  single 
crystal,  doubtless  at  the  expense  of  many  smaller  ones,  in  the  manner  pointed  out 
by  Dr.  Wollaston,  (Faraday's  Chem.  Manip.  p.  253.)  In  general,  great  quantities 
of  fluids  are  necessary  to  produce  large  and  tine  crystals,  according  to  the  method 
of  Mr.  Dtz6  in  Paris. 

t  For  diflferent  views,  see  Henry,  lith  edition,  Vol.  n,  p.  231,  and  Phil.  Trans. 
1812;  alf!0  Gray's  Operative  Chemiiit. 

tSceHenry,  Vol.  ii,p.233. 
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Oxalic  acid  is  found,  free,  in  the  juice  of  the  fibres  or  hair  of  chick 
pease  ;*  it  exudes,  when  they  are  cut  by  scissors,  and  persons  who 
walk  over  a  field  of  chick  pease,  have  their  shoes  burned  by  this  acid. 

IV.  Miscellaneous. — ^Whenf  carbonic  acid  and  carbonic  oxide  are 
produced,  by  heating  oxalic  acid  or  the  bin-oxalate  of  potassa,  with 
sulphuric  acid,  the  carbonic  acid  is  removed  by  lime  water  or  potas- 
sa, and  the  carbonic  oxide  remams ;  the  sulphuric  acid  is  not  de- 
composed and  appears  to  operate  by  removing  water,  and  the  ele- 
ments of  the  oxalic  acid  arrange  themselves  anew. 

Oxalic  acid  and  the  oxalates,  boiled  with  a  solution  of  gold,  reduce 
the  oxide,  and  produce  carbonic  acid. 

The  greater  part  of  the  oxalic  acid  used  in  the  arts,  in  the  manu- 
facture of  prbted  goods,  is  obtained  by  the  action  of  nitric  acid 
upon  sugar  or  starch ;  with  starch  1  part,  and  nitric  acid  6,  added 
at  intervals  and  aided  by  heat,  they  obtain  more  than  half  the  weight 
of  the  starch  in  oxalic  acid.;^  Oxalic  acid  takes  lime  from  eveiy 
acid,  even  the  sulphuric  and  the  phosphoric.^ 

OXALATES. 

1 .  Composed  of  oxalic  acid  and  bases ;  most  of  them  unimportant. 

2.  OeneraUy  insoluble,  or  ^aringly soluble  in  water;  soluble  in 
nitric  and  in  muriatic  acid.|| 

3.  The  oxalates  of  potassa,  soda,  lithia,  alumina  and  iron  are  the 
most  soluble.ir 

4.  From  a  soluble  oxalate,  a  neutral  salt  of  lime  or  of  lead  throws 
down  an  insoluble  oxalate,  which  is  decomposed  by  sulphui^ic  acid, 
forming  an  insoluble  sulphate,  and  crystals  of  oxalic  acid  are  obtained 
on  cooling. 

5.  All  insoluble  oxalates,  the  bases  of  which  form  insoluble  com- 
pounds with  sulphuric  acid,  may  be  decomposed  in  a  similar  manner, 
and  all  other  insoluble  oxalates,  by  potassa,  and  soluble  oxalates  formed. 

6.  Decomposed  at  ignition  ;  no  charcoal  is  left,  being  burned  by 
the  oxygen  of  the  acid,  and  a  carbonate  remains,  if  the  base  can  re- 
tain carbonic  acid,  or  if  the  heat  be  pushed,  the  base  alone  remains, , 
(ammonia  excepted.) 

7.  Some  oxalates  are  metallized  by  ignition^  emitting  pure  car- 
bonic acid  ;  the  1  equivalent  in  the  neutral  protoxide  being  transfer- 
red to  the  oxalic  acid,  to  form  carbonic  acid.** 

8.  Decomposed  by  hot  sulphuric  acid^  generating  carbonic  acid  and 
carbonic  oxide.. 

*  Fourcroy,  Vol.  vix,  p.  802.        Chaptal,  Vol.  iii,  p.  116. 
t  Ann  6e  Ch.  et  de  Ph.  Vol.  zix,  p.  84 ;  see  also  this  work,  Vol.  i,  p.  896,  (g.) 
t  Langier's  Cours,  &c.  Vol.  zii,  p.  211.        §  Except,  perhaps,  the  flaoric. 
II  Except  where  the  latter  precipitates  the  bases  of  the  salts, 
f  An  additional  equivalent  of  acid  does  not  render  the  alkaline  oxalates  more, 
but  less  soluble,  contrary  to  the  general  state  of  fiicts  among  salme  bodies. 
•♦  Gay-Lussac,  Turner. 
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I.  BiN'OXALATE  OP  POTAssA,  OT  sfflt  of  sotrel  of  the  shops, 

I.  Origin. — ^Already  stated  to  he  found  native  in  the  sorrels,  and  in 
many  other  vegetables;  that  of  commerce  comes  chiefly  from  Stw^- 
zerland;  it  is  very  white,  and  is  extracted  ^roro  the  Rumex  acetoseUa, 

!;athered  in  June ;  that  of  Thuringia  is  yellowish  and  is/ro7»  the  Oxor 
is  acetoseUa.  The  plants  are  repeatedly  bruised,  macerated  and  pres- 
sed, and  from  the  fluid,  crystals  are  obtained  by  evaporation.  It  is 
easily  formed  syntheticaUy. 

II.  Properties. 

fa.)  Taste  acrid  and  bitter  ;  soluble  at60O  in  10  parts  of  water, 
ana  in  less  at  212^ ;  crystals  rhomboidal  parallelopipeds,  resembling 
cubes;  reddens  vegetable  blues. 

(6.)  Composition. — ^Acid  2  equiv.  72  +  alkali  one,  48  +  water 
two  18=188  its  equivalent. 

(c.)  It  is  used  to  remove  iron  and  ink  stains,  which  it  does  by 
transierring  1  equivalent  of  the  acid  to  the  iron,  thus  forming  a  solu- 
ble oxalate  of  iron  and  leaving  a  soluble  oxalate  of  potassa.* 
II.  Oxalate  of  Potassa. 

I.  Preparation,  by  saturating  oxalic  acid  or  the  hin-oxalate  with 
potassa  or  its  carbonate. 

II.  Properties. 

(a.)  The  crystals  are  oblique  prisms  of  four  sides  ;  taste  bitter  and 
cool ;  soluble  at  60°,  in  2  parts  of  water. 

(6.)  Composition,  acid  1  equiv.  36  +  1  equiv.  of  potassa,  48  + 
1  of  water,  9=93  its  equiv.  Much  used  as  a  test  for  lime,  with 
whiph  it  forms  an  insoluble  precipitate,  provided  there  is  no  free  min- 
eral acid  in  the  water,  which  would  redissolve  the  precipitate.  It  is 
remarkable,  that  the  oxalate  is  much  more  soluble  than  the  bin- 
oxalate,  contrary  to  the  general  analogy  of  salts. 

ni.    QUADROXALATE    OF    POTASSA. 

I.  Preparation. — By  digesting  the  bin-^xalate  with  nitric  or  mu- 
riatic acid,  whic^  takes  half  the  base  and  leaves  the  other  half,  com- 
bmed  witli  the  whole  of  the  acid,  and  of  course  with  four  equivalents. 

II.  Properties. 

(a.)  Forms  beautijid  crystals,  which  are  obtained  pure  by  a  second 
crystallization. 

{b.)  The  alkali,  remaining  from  the  decomposition  of  3  parts  of 
this  salt,  by  heat,  exactly  saturates  the  acid  in  one  part  of  the  crystals. 

(c.)  Hence,  it  contains  4  equivalents  of  acid=144  +  one  of  al- 
kah  48  +  7  of  water,  =63=255  its  equivalent.  We  owe  this  beau- 
tiful proof  of  the  truth  of  the  law  of  multiple  proportions  to  Dr. 
Wollaston.f 

*  Aromatized,  by  oil  of  lemons,  it  is  used  fts  an  acidulous  drink  in  some  diseases; 
it  is  antiseptic,  and  will  preserve  meat, 
t  Phil.  Trans,  1808,  p.  99.  See  also  Be^ard,  Ann.  de  Cliim.  Vol.  lzzizi,  p.  371. 
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Eq«iv.      Equhr. 

oTlMie.     of  Mid.      Bue. 
1      +      1    s  48 
1     +     2  =  48 
1     +     4  »  48 

Add.       Equiv. 
+     36  =    84 
+     72  =  120 
+  144  =  192  (h.) 
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Oxalate  contains 

Bin-oxalate, 

Quadroxalate, 

rV.  QxALATC  or  Soda. 

faA  Formed  sgntheticaUy. 
b.)  Compoiiiion. — ^Base  1  equiv.  32  +  1  of  acid,  36=^68  iu  equiv* 
alent  ;*  100  of  soda  require  1 12.5  acid,  and  as  it  forms  a  bin-oxal^te, 
twice  as  much  acid  =  225  parts  are  re<}uired  m  that  salt ;  1  eauiv. 
base  IS  32 + 2  of  acid  «&  72  s&  1 04,  its  equiv. ;  there  is  no  quadroxalate. 
v.  Oxalate  or  Ajixonia. 

{a.)  Formed  9yniketicaUy* 

(6.)  Cryiallizes  in  long  transparent  priam$f  toite  bitter. 

le.)  Soluble  at  60^  in  the  ratio  of  45  grains  to  1000  of  water ; 
in  hot  water  very  folvbU,  and  a  saturated  sohitioDy  on  cooling,  deposits 
crystals. 

(df.)  Compoeition, — ^Ammonta  1  equiv.  17  +  1  of  acid,  36  =£  53 
the  equivalent  of  the  anhydrous  salt,  and  in  the  crystals  there  are 
2  equiv.  of  water  18=71 ;  there  is  a  bin-oxalate,  not  so  soluble  u 
the  oxalate.  It  is  a  very  mefid  reagent^  especially  in  detecting  Kme, 
and  b  preferred  to  oxalic  acid,  because  the  latter,  by  setting  free 
a  mineral  acid,  might  cause  the  resolution  of  the  oxalate  of  lime,  while 
the  acid  would  be  engaged  by  the  ammonia,  if  tbe  oxalate  of  that 
base  were  usee). 

VI.  Oxalate  or  Lime. 

(«•)  Formedf  between  oxalic  add  or  any  soluble  qxalate^  amd  lime 
iMtfer,  or  any  soluble  cakareons  salt ;  turns  syrup  of  violets  green. 

(i.)  It  is  a  white  powder^  insoluble  in  water^^  out,  when  receptly 
precipitated,  it  is  very  solubU  in  nitric  and  muriatic  acids  ;  if,  m  any 
water,  which  we  could  examine  for  lime,  by  means  of  oxalic  acid  or 
a  soluble  oxalate,  nitric  or  muriatic  acid  is  present  ii)  a  free  state, 
they  must  be  neutralized  before  the  application  of  the  test ;  thus,  ox- 
alic acid  and  lime  become  tests  of  eacti  other's  presence. 
!c.)  Decomposed  by  carbonate  of  potassa. 
d.)  Composition. — ^Ume'l  equiv.  28  +  acid  1  equiv.  36=64 
the  equiv.  of  the  salt;  per  cent,  lime  43.75  +  acid  56.25=:  100. 

JjT  slowly  dried,  it  retains  four ,  if  rapidly ,  six  equivalents  of  water  ^ 
and  it  is  anhydrous,  after  being  heated  to  560^  F.  which  temperature 
it  sustains  without  decomposition.  There  is  no  bin-oxalate*  7^ 
salt  is  tfte  basis  of  the  mulberry  calculus, 

VII.  Oxalate  or  baryta  and  oxalate  of  strontia  have  notlung 
interesting,  except  that  the  bin-oxalate  of  baryta  is  soluble,  while  tbe 

*  The  water,  contained  in  the  crystalu,  Is  not  in  equivalent  proportion  «od  is  neg- 
lected. 
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oxalate  ia  oe^iiy  insoluble ;  die  lattor  is  converted  into  tbe  fcnmer,  by 
die  addition  of  acid,  fmd  its  ciyatais  are  decomposed,  by  noere  solu- 
tion in  water. 

VQI.  ChuLLATK  or  MAGNESIA,  formed  by  mingKng  nifhute  of 
tnagnuia  and  oxalate  of  ammonia;  if  the  sulphate  has  been  mod- 
erately dOuted,  with  cold  water,  it  is  not  precipitated  until  if  is  heat- 
ed, althouj^  after  it  has  fallen,  it  is  insoluble ;  as  liiqe  is  instandy  pre- 
cipitated, this  affi>rd9  the  best  method  Imown  of  separating  these 
earths.  Among  the  metallic  oxalates,  some,  as  thoee  of  nicke}  aacl 
cobalt,  afford  a  pure  metal,  by  ignidon. 

IX.  The  oamate  of  leadj  formed  by  oxalic  acid  and  acetate  or 
nitrate  of  the  metal,  detonates^  by  being  heated  in  a  tube  with  bits  of 
potassium.* 

X.  The  oxalate  of  mercury^  produced  in  the  same  manner,  deionaies 
by  heatf  and  was  formerly  supposed  to  enter  into  the  consdtution  of 
Howard's  fulminating  mercury.  Oxalate  or  bin-oxalate  of  potassa 
and  antimony,  heated  together  in  a  covered  crucible,  afibrd.an  alloy 
of  potassium  and  antimony.  Per-oxalate  of  copper,  digested  with 
oxidate  of  ammonia,  affords  crystals  that  detonate  by  a  sudden  heat. 

II.  Tartaric  Acid* 

I.  Namx  and  History. 

J^ame^from  the  crude  tartar  of  wine,  or  from  the  salt  that  is  pu- 
ri6ed  from  it,  (cream  of  tartar,)  Irom  which  thi^  acid  is  extracted. 
Discovered  by  Scheele  in  17T0.f  It  exists  in  several  acidulous 
fruits|  but  always  in  combination  with  lime  or  potassa*  fVe  always 
extract  it  from  combination;  it  is  never  formed  i^nthedcally. 

IL  Process,||  by  decomposing  the  bitartrate  of  potassa,  by  chalk. 
Taking  the  proportions  by  the  equivalents,  they  are  as  follows.<^ 

•  H.  and  Phil.  Mae.  1827. 

I  His  first  recorded  discovery. 

i  Found  in  t^e  tamarind,  in  balm,  Carduus  benedictus,  roots  of  resharrow,  ger- 
niander  ^ad  99g^ ;  sumach  is  quoM  in  foreign  books  as  (containing  tartaric  acid, 
but  I  am  reminded  bv  Prof.  TuIIy,  that  the  American  Mhus  glabra  affords  malic 
acid,  and  that  this  is  probably  the  fact  with  all  the  other  American  acidulous  sumachs. 
—Ann.  Lye.  N.  York,  Vol.  i, p.42.— I.  Cozsens. 

II  Or,  100  oarU  of  cr^Vjfi  of  t^rt^r,  26 1-2  to  90  chaUc  in  8  or  10  tim^s  M  much 
water ;  add  the  chalk  by  portions,  when  the  effervescence  ceases,  add  to  the  cle^ 
Uquor  a  solution  of  nitrate  or  muriate  of  lime,  so  long  as  a  precipitate  falls,  wash  it 
and  then  double  as  much  sulphuric  acid -as  chalk  most  be  added  to  the  tartrate  of  lime 
diffused  in  water,  and  after  24  hours,  the  Uquor  may  be  examined  for  sulphuric  acid 
by  adding  acetate  of  lead ;  if  the  precipitate  Is  only  tartrate  of  lead  it  will  be  entirely 
soluble  in  diluted  nitric  acid ;  if  any  thing  remains,  it  Is  sulphate  of  lead,  indicating  an 
excess  of  sulphuric  acid  which  may  be  saturated  by  more  chalk,  or  if  the  tartrate  of 
lime  has  not  all  been  decomposed,  more  sulphuric  acid  may  be  added.  A  Uttle  ex- 
cess of  sulphuric  acid  does  no  harm,  but  much  would  decompose  the  tartaric  acid. 

Dr.  Henry  thioks,  that  no  advantage  is  gained  by  substituting  quick  lime  for  chalk, 
for  although  more  of  the  cream  of  tartar  is  decomposed,  the  liberated  potassa  dissolves 
the  tartrate  of  lime  and  thus  prevents  its  precipitation.  With  chalk  we  remove 
only  one  equivalent  of  urtaric  acid.— ^Tem^  and  A,  Ji,  Hayes,  §  Turner. 
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Powder  of  cream  of  tartar  (bitartrate  of  potassa)  198  parts,  or  oae 
equivalent,  intimately  mixed  with  50,  or  one  equiv.  of  chalk ;  dirow 
the  mixture,  by  portions,  into  10  parts  of  boiling  water ;  carbonic  acid 
escapes,  with  efiervescence,  and  1  equiv.  of  tartrate  of  lime  falls,  and 
one  of  soluble  tartrate  of  potassa  remams  in  solution  ;*  the  precipi- 
tate is  washed,  and  then  diffused  through  a  moderate  portion  of  water, 
containing  one .  equiv.  of  sulphuric  acid,  49 ;  digestion  liberates  the 
tartaric  acid,  and  after  the  separation  of  the  sulphate  of  lime  by  the 
filter  and  due  evaporation,  the  acid  is  obtained  in  crystals. 

III.  Properties. 

(a*)  Taste  very  add^  setting  the  teeth  on  edge,  but  when  diluted, 
it  is  agreeable ;  reddens  the  vegetable  blues. 

{b.)  CrysiaUizes  in  tables  or  prisms  ;•[  primitive  form  a  right  rhom- 
bic prism;  sp.  ^.  1.59. 

ic.)  Soluble  tn5  or  6  parts  of  water  at  60^,  and  in  much  less  of 
ing  water,  a  saturated  solution,  sp.  gr.  1.230,  becomes  mouldy 
on  the  surface  by  keepbg ;  soluble  in  alcohol. 

(d.)  By  strong  nitric  acid,  converted  into  oxalic. 

(e.)  Does  not  precipitate  lime  from  the  mineral  acids j  but  separates 
it  from  the  vegetable ;  it  precipitates  baryta  and  strontia. 

(/.)  Composition, — By  the  researches  of  the  most  distinguished 
analysts,  it  appears,  that  this  acid  contains  about  two  thirds  of  its 
weight  of  oxygen;  from  one  quarter  to  one  third  of  carbon^  and  a 
smMl  portion  of  hydrogen.  Dr.  Henry  gives,  as  the  most  probable 
constitution,    Carbon      4  equiv.        24  36.36 

Oxygen     5      «  40  60.61 

Hydrogen  2      «  23.03 

66  lOO.-And  the  crys- 

tals consist  of  anhydrous  acid  1  equiv.  66+1  water  9=75 ;  per  cent. 
88.16  acid  +  11.84  water.J 

(g.)  Destructive  distillation  gives  pyro^tartaric  acid^  besides  the 
usual  products  of  much  inflammable  and  other  gases,  and  charcoal 
remains.  The  acid  rises  in  sublimation  and  is  also  dissolved  in  the 
fluid ;  it  affords  crystals^  which,  by  beat,  give  a  white  sublimate ; 
its  distinct  character  has  been  both  admitted  and  denied,  and  is  now 
admitted  again. 

*  It  may  be  decomposed  by  muriate  of  lime  and  the  insoluble  tartrate  of  lime,  by 
sulphuric  acid,  as  before,  or  it  may  be  reserved  as  tartrate  of  potassa  for  other  purposes. 

t  The  appearance  of  the  crystals  is  often  confused ;  in  plates,  needles,  leaves, 
pyramids,  prisms,  f^roups,  &c. 

X  Prout,  Phil.  Trans.  1827.— Thomson's  First  Principles,  H,  115. 

§  This  has  been  supposed  to  be  the  acetic,  disguised  by  oil ;  it  differs  from  the 
tartaric  in  the  compounds  it  forms;  it  does  not  precipitate  baryta  or  lime,  or  Idnu  a 
salt  of  sparing  solubility  with  potassa. . 
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rV.  Uses. — The  tartaric  add  is  so  intensely  sour^  as  to  require 
lar^e  dilution  with  water ^  when  taken  as  a  beverage. 

It  is  given  in  the  military  hospitals  as  a  coming  drinky  and  its 
use  in  soda  powders  has  been  already  stated.*  It  is  free  from  the 
rough  taste  of  cream  of  tartar,  and  is  one  of  the  most  agreeable  and 
permaoent  of  the  vegetable  acids ;  its  crystals  undergo  no  change  by 
weather,  climate  or  time. 

It  is  now  largely  manufactured  and  sold  in  the  shops,  under  the 
name  of  tartaric  acid,  and  is  an  agreeable  substitute  for  lemonade. 

TARTRATES. 

1.  The  tartrates  consist  of  tartaric  acid,  and  a  base,  which,  when 
they  are  decomposed  by  heat,  is  generally  left,  mixed  with  charcoal. 

2.  The  bi-tartrates  are  less  soluble  than  the  tarUrates,  in  this  respect 
resembling  the  oxalates ;  the  earthy  tartrates  are  generally  insoluble, 
and  are  obtained  by  double  decomposition. 

3.  All  the  soluble  tartrates  form  bi-tartrates  of  sparing  solubility, 
while  the  insoluble  tartrates  may  be  dissolved,  in  an  excess  of  their 
own  acid. 

4.  The  tartaric  acid  is  prone  to  unite  with  two  bases,  at  once,  to 
form  double  salts. 

I.  Bi-TARTRATE  ov  POTASSA. — ^Cream  of  tartar. 

I.  Origin. — Exists  in  many  vegetables  and  fruits^^  and  is  pro- 
duced by  the  fermentation  of  the  juice  of  grapes,  especially,  those 
afibrding  the  red  and  Rhenish  wines ;  the  salt^  as  it  forms  during 
the  fermentation^  is  deposited  on  the  interior  of  the  wine  casks^X  and 
from  this  substance,  called  tartar,  or  crude,  or  wine  tartar,  or  argal,' 
the  cream  of  tartar,  bi-tartrate  of  potassa,  is  prepared.^ 

The  process  consists,  as  in  the  case  of  bin-oxalate  of  potassa,  in 
solutions,  filtrations  and  crystallizations,  clay  or  whites  of  eggs  being 
used,  to  clarify  the  fluid.  The  crust  ofcrystals^  that  appears  on  the 
surface,  being  skimmed  like  cream,  and  hence  the  origin  of  the  op- 
peUaiion,  cream  of  tartar. 

II.  Properties. 

(a.)  Crystals,  irregular  six  sided  prisms\\  with  six  terminating  fa- 
ces ;  the  primary  form,  a  right  prism  rectangular  or  rhombic.  Sp. 
gr.  1.953. 

(6.)  Taste,  /acid  and  rough;  brittle ;  reddens  the  vegetable  blues. 

*  Vol.  z,  p.  883.  t  It  Ib  abundant  in  the  tamarind. 

t  It  is  knocked  off  and  sold  under  the  name  of  wine  stone ;  it  oAen  contains  or 
copies  the  fibres  of  the  cask,  and  is  colored  more  or  less  deeply  by  the  wine. 

§  Rozier,  Jour,  de  Ph.  Vol.  i,  p.  67. — Memoires  de  la  Academic,  1725,  and  Four- 
croy,  Vol.  vix,  p.  319. 

J  For  a  more  exact  account  of  their  form,  see  Thomson's  Annals,  Vol.  x,  p.  87, 
N.  S.  Vol.  vii,  p.  161. 
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(e.)  SoMh  in  60  parts  (f  tfiaUr  at  «(P  F.^  andin  \A&t2lV; 
hence,  it  cryttaOizu  very  rapidly  bg  eocUtig^  but  fUb  radier  in  pm 
than  distkict  crystals. 

(il.)  Caw^iiiian. — ^It  appears  to  coittist  of 

Acid,     2  equiv.      132  73.89  pn  eaot 

Potassail     '«  48  26.11 

>  '  180  100. 

To  the  number  180,  we  roust  add  the  water  m  its  crystals,  1* 
equiv.  or  2f ;  it  cannot  be  separated  without  decomposing  the  acid. 

That  it  contains  2  equiv.  of  acid  is  proved  by  the  fact,  diat  the 
alkali  which  remains  mm  the  incineration  of  a  given  weight,  pr^ 
cisely  saturates  the  same  weight  of  the  crystals,  dissolved  in  water. 

(e.)  Destrtustifft  dtitiUationj  besidei  a  great  volmnu  <f  gates  ad 
empyreumatic  add  and  oilj  affords  in  the  reHduam^  eaifhonate  tffo- 
iassaX  about  one  third  of  the  weight,  formerly  called,  on  accoontof 
its  origin,  salt  of  tartar ;  it  is  generally  regarded  as  pure,^  but  a  little 
Erne  and  silica,  and  a  trace  of  alumina,  iron  and  manganese  have 
been  observed.  II  ^ 

m.  V9e:9.—A  mtld  and  vahuAle  w^idne  ;1[  whh  oxide  of  ao- 
timony  forms  tartar  emetic,**  afibrds  tartaric  acid  and  soluble  tn- 
tar,f  f  and  Mack  and  white  flux  ;XX  it  appears  to  be  conceraed  ia 

E'ving  the  peculiar  roughness  to  the  red  wines.     It  is  used  in  dyeing, 
ItiBg,  ^ding,  domestic  processes,  &c. 

II.  Tartiultk  of  POTAssA.-^iSoltt&2e  tartar. 

I.  Origin. — Found  in  the  juice  of  ripe  grapet^  and  other  pulpf 
fruits ;  most  abundant  in  the  red  grape. 

n.  Prockss. 

(a.)  By  saturating  the  solution  of  the  super  or  bi-tartrate^  hf  f^' 
ianate  of  potassa  ;  it  is  always  thus  formed,  m  the  first  step  for  ob- 
taining tartaric  acid. 

(&•)  By  saturating  tartaric  acid^'^  in  the  same  manner  till,  in  both 
cases,  effervescence  ceases. 

III.  Properties. 

(a.)  Very  soluble  and  even  deliquescent;  decomposed  by  most 
acids,  bi-tartrate  of  potassa  being  deposited ;  during  the  fermeotatioo 
of  wines,  it  is  decomposed  by  the  carbonic  acid,  which  takea  odc 
half  its  base,  and  most  of  the  bi-salt  then  falls. 

*  Thomson.  t  Benelius. 

X  Mixed  with  diareoftl,  whieh  is  ronwred  by  solutioD  and  filtrttloo.        -«^^^^ 

§  Ei^ectally  free  from  8oda»  and  was  therefore  lued,  by  Gay-LoMac  and  ThMii« 

in  preparing  pure  potaarinm*  H  Aon.  do  Ch.  Vol.  lxiv.  p.  w* 

IT  Dose  half  an  oz.  to  1  oi.  and  leas  as  an  aperient  or  alterative. 

••  See  p.  212  of  this  Volame.  tt  See  those  actkles. 

n  Vol.  I,  p.  470.  ^xaiirf 

§§  U2of  acid  toiao  of  snb-etrbonate  and  lOOof  orMUBof  tartar >4Sl-2« 

sub-carbonate.— BU 
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{b.)  Crystals,  often  irregular  six  sided  prisms,  with  dihedral  sum- 
mits ;  primitive  form,  a  right  rbomboidal  prism. 

(c)  Composition. — Acid  1  equiv.  66  +  1  potassa  48  =  114,  and 
in  the  crystals,  2  equiv.  of  water  18=132 ;  a  heat  of  248^  F.  ex- 
pels the  water  without  decomposing  the  acid ;  per  cent,  the  anhydrous 
salt  contains  acid  57.90  +  potassa  42.10. 

IV".  Uses. — Chiefly  medical;  it  is  the  soluble  tartar  of  the  phy- 
sician, and  is  frequendy  formed  in  the  first  mode  named  above. 

Remark. — Such  is  the  tendency  of  tartaric  acid  to  form  an  inso- 
luble bi-tartrate,  with  potassa,  that  it  takes  that  alkali  even  from  the 
mineral  acids — e.  g.  irom  the  muriate  of  potassa,  and  when  tartaric 
acid  is  added  to  a  solution  of  tartrate  of  potassa,  a  white  powder  falls, 
wbich  is  the  bi-tartrate.  If  to  a  strong  solution  of  tartaric  acid,  we 
add  half  enough  of  potassa  to  saturate  the  acid,  there  will  be  a 
precipitate  of  bi-tartrate ;  if  as  much  more  alkali  is  added,  it  will  be 
redissolved  and  the  precipitate  will  be  renewed  on  adding  an  acid, 
e.  g.  the  muriatic. 

3.  Tartrate  of  potassa  and  soda. — Salt  of  Seignette,*  Ro^ 
cheUe  salt.* 

I.  Process. 

(a.)  By  saturating  cream  of  tartar^  18  parts,  with  sub-carbonate 
of  soda,  18. 

II.  Properties. 

(a.)  The  crystals  are  often  large  and  very  beautiful.;  form  pris- 
matic, or  rbomboidal  prisms,  with  10  or  12  sides. 

(6.)  Solvhle  in  5  parts  of  cold,  and  in  much  less  of  boiling  water; 
taste,  bitter. 

(c.)  Composition. — ^Tartrate  of  potassa  54  +  tartrate  of  soda  46, 
which  are  almost  exacUy  the  equivalent  proportions. 

III.  Uses. — A  valuable  mtaidne. 

The  cream  of  tartar  is  so  prone  to  combine  with  an  additional 
base,  that  it  often  acts  as  a  simple  acid,  and  dissolves  oxides  that  are 
insoluble  in  the  mineral  acids,  and  even  in  the  tartaric.f 

4.  Tartrate  of  soda. — ^It  has  been  already  mentioned,  as  being 
formed,  when  the  soda  powders  are  mixed ;  carbonate  of  soda  is 
bett»  adapted  than  carbonate  of  potassa  to  that  use,  because  it  is  less 
prone  to  form  an  msoluble  bi-salt.  The  crystals  of  tartrate  of  soda 
are  fine  needles. 

5.  Tartrate  of  ammonia  is  formed  synthetically ;  bitter,  very 
soluble ;  forms  an  insoluble  bi-tartrate. 

6.  Earthy  tartrates. — ^The  tartrate  of  lime  is  produced,  as  al- 
ready mentioned,  in  the  process  for  tartaric  acid ;  it  has  no  other  use. 

*  From  the  apothecaiy  by  whom,  and  the  place  at  which,  this  salfWas  fint  formed. 
t  Ann.  de  Ch.  et  de  Ph.  Vol.  ixi,  p.  281,  and  h. 

Vol.  U.  60 
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The  other  earthy  tartrates  are  formed,  in  general,  by  double  ex- 
change, between  the  tartrate  of  potassa  and  a  soluble  salt  of  the  earth. 

7.  Metallic  tartrates. — ^That  of  antimony  and  potassa  is  the 
only  important  one,  (see  antimony  p.  212.) 

The  tartrate  of  lead^  formed  between  acetate  of  lead  and  tartaric 
acid  or  tartrate  of  potassa,  is  a  white  powder,  and  when  warmed  in  a 
tube  and  poured  out  into  the  air  it  if  a  pyropharus. 

Tartrate  of  mercury  is  an  insoluble  white  powder ;  a  triple  com- 
pound is  formed  between  6  parts  of  cream  ol  tartar  and  1  oxide  of 
mercury  by  boiling. 

III.  Citric  Acid. 

I.  Name,  from  Citrus^  the  lemon  or  orange,  which  contains  it 
b  abundance ;  discovered  by  Mr,  Scheele^  of  Sweden. 

II.  Process.* 

(a.)  Lime  or  lemon  juice  is  neutralized  by  chalky  and  the  citrate 
of  lime  is  decomposed  by  sulphuric  add, 

(6.)  Saturate  the  expressed  juice  by  powdered  chalk,f  with  agi- 
tation ;  after  subsidence  of  the  solid  citrate  of  lime  decant  the  wa- 
ter, add  more,  repeatedly,  till  there  is  no  taste  or  color  in  the  fluid. 

(c.)  To  the  solid  citrate,  J  constantly  stirred,  add  as  much  sulphuric 
acid,  of  a  density  not  far  from  1.85,  diluted  with  10  parts  of  water; 
stir  the  mixture,  occasionally,  for  24  hours;  let  the  sulphate  of  lime 
subside ;  add  water,  till  it  comes  off  tasteless ;  mix  the  liquors,<^  and 
evaporate  to  },  and  more  sulphate  of  lime  will  fall ;  evaporate  again 
to  the  density  of  a  syrup,  and  brown  crystals  will  form,  which  are  pu- 
rified by  repeated  solutions  and  crystallizations. 

III.  Properties. 

(a.)  Crystallizes  in  large  rhomboidal  tables  or  prisms ;  transpa- 
rent and  beautiful ;  primitive  form,  a  right  rhombic  prism. 


*  As  citric  acid  has  become  an  important  article  of  commerce,  much  attention  is 
now  paid  to  the  details  of  the  manufacture,  a  full  account  of  which  may  be  found  in 
Parices'  Chemical  Essays,  and  in  the  46th  Vol.  of  the  Phil.  Mag.  See  also  Henry's 
Chem.  nth  edition,  Vol.  ii,  p.  22S. 

t  Accordinjr  to  Dr.  Henry's  experience,  6  or  8  oz.  of  chalk  will  saturate  a  wine 
gallon  of  lemon  Juice,  and  in  1  f^allon,  he  baa  found  even  12  oz.  of  solid  citric  acid,  but 
it  averages  about  6  or  8  oz.  to  1  gallon;  for  a  method  of  estimating  the  proporlioii 
with  sufficient  accuracy,  see  Henry's  Chem.  Vol.  ii,  p.  229, 11th  edition. 

%  The  equivalents  are  dry  citrate  of  lime,  86,  +  49  of  strong  suTphuric  acid  di- 
lated with  10  of  water.  In  general,  90  parts  of  lemon  juice  (94  Proust,)  reqvue 
4  parts  of  chalk  for  saturation,  which  produce  6  parts,  (7 1-2  Proust,)  of  citrate  of  lime, 
and   18  parts  (20  Proust,)  of  sulphuric  acid  are  necessary  for  their  decomposition. 

§  They  may  contain  a  little  sulphuric  acid  and  mucilage  ;  the  former  is  detected 
by  acetate  of  lead,  and  may  be  neutralized  by  more  citrate  of  lime ;  but  a  little  does 
DO  harm,  as  the  citric  acid  crystallizes  and  leaves  the  sulphuric,  and  also  the  mucil- 
age.    If  there  is  lime  in  excess,  the  citric  acid  will  not  crystallize. 
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(i.)  Cryntahy  permanent*  in  the  air;  lose  about  7  pr.  ct.  by  being 
heated,  to  the  point  just  below  decomposition ;  endure  all  climates  and 
vicissitudes  of  weather,  unchanged^  but  the  aqueous  solution,  Uke  those 
of  most  vegetable  bodies,  is  slowly  decomposed  by  keeping. 

(c.)  Taste  very  acid^  but  agreeable,  and  not  corrosive  ;  in  solution 
with  VHUer^  it  isgrateful;  reddens  the  vegetable  blues;  soluble  in  1^ 
part  of  cold  water,  and  in  half  its  weight  of  boiling  water. 

(d,)  Nitric  add^  3  parts,  converts  it  into  the  oxalic^  half  a  part, 
ana  by  increasing  the  proportion  of  the  nitric,  it  is  essentially  con- 
verted into  the  acetic  acid. 

(e.)  Composition, — ^The  raofet  eminent  chemists  have  obtained  dif- 
ferent proportions ;  but  the  most  probable  constitution,  deduced  from 
the  experiments  of  Thomson  and  Berzelius,  appears  to  be,  carbon 
4  equiv.  =  24,  and  oxygen  4  =  32,  hydrogen  2  =  68,  the  equiv, 
of  the  acid.f 

(/.)  Destructive  distillation  affords  the  ustial  products  of  veget- 
able decomposition,  and  also  an  add^  supposed  to  be  a  peculiar  one  ; 
it  is  called  the  pyro-citric^  but  if  a  distinct  acid,  it  is  not  important. ;[ 

IV.  Uses. — Tartaric  add  is  carried  to  sea  as  an  antidote  to 
scurvy  ;  it  affords  an  excellent  substitute  for  lemonade ;  it  is  necessary 
only  to  dissolve  it  in  about  19  parts  of  water  with  sufficient  sugar, 
and  add  the  essential  oil  of  lemons.  It  may  be  mixed,  in  the  pro- 
portion of  half  an  ounce  with  one  pound  of  sugar,  and  this  may  be 
essenced  by  5  or  6  drops  of  oil  oi  lemons  on  a  lump  of  sugar. 

It  was,  many  years  ago,  suggested  by  Fourcroy,  that  the  juice  of 
limes  and  lemons  might,  in  the  West  Indies,  be  saturated  with  lime  or 
chalk,  and  then  exported  to  Europe  for  decomposition  by  sulphuric 
acid ;  this  is  now  done  with  advantage. 

Citric  acid  is  often  employed  in  making  the  effervescing  mixture, 
with  carbonate  of  potassa  or  soda.  It  Removes  iron  stains  in  the 
same  manner  as  oxalic  acid.  It  is  used  by  dyers,  to  enliven  the  color 
of  the  safflower,  and  to  produce  a  fine  red  with  tin  and  cochineal, 
especially  for  silk  and  morocco.  Like  tartaric  acid,  it  whitens  and 
hardens  taUow.  As  the  tartaric  acid  is  cheaper  than  the  ciuric,  it  is 
sometimes  used  to  adulterate  it,  and  may  be  discovered,  by  adding 
carbonate  of  potassa,  which,  if  tartaric  acid  be  present,  will  precipi- 
tate cream  of  tartar. 


•  I  have  ono  nearly  an  inch  square,  formed  in  London,  (July  1805,)  which  re- 
mains unchanged  after  twenty  five  years ;  the  acid  in  the  enlirc  solution,  placed  in 
Mr.  Accum's  garret  and  forgotten,  was  found  to  have  been  absorbed  into  a  single 
crystal,  doubtless  at  the  expense  of  many  smaller  ones,  in  the  manner  pointed  out 
by  Dr.  Wollaston,  (Faraday's  Chem.  Manip.  p.  253.)  In  general,  great  quantities 
of  fluids  are  necessary  to  produce  large  and  fine  crystals,  according  to  the  method 
of  Mr.  Di7.6  in  Paris. 

t  For  different  views,  see  Henry,  lith  edition,  Vol.  li,  p.  231,  and  Phil.  Traos. 
1812;  alro  Gray's  Operative  Cheiuiat. 

tSecHenry,  Vol.  ii,p.  233. 
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Eqniv.      Equlv. 

of  base.     of«cid.      Base.  Add.       Equiv. 

Oxalate  contains         1     +     1   =  48  +     36  =    84 

Bin-oxalate,  1     +     2  =  48  +     72  =  120 

Quadroxalate,  1     +     4  =  48  +  144  =::  192  (h.) 

rV«  OxALATc  OF  Soda. 

faA  Formed  syntheiicaUy. 
6.)  Compodtion. — ^Base  1  equiv.32  + 1  of  acid,  36=^68  i^  equiv- 
alent ;*  100  of  soda  require  1 12.5  acid,  and  as  it  fornos  a  bio-oxaWei 
twice  as  much  acid  =  225  parts  are  recjuired  in  that  salt ;  1  (3quiv. 
bases=32+2  of  acids 72^104,  its  equiv.;  there  is  no  quadroxalate. 
v.  Oxalate  of  Ajixonia. 

(a.)  Formed  9jintheticaUy. 

(6.)  Crytallizes  in  long  transparent  priam$;  ta»te  bitter. 

ic.)  Soluble  at  60^  in  the  ratio  of  45  grains  to  1000  of  water ; 
in  not  water  very  folubUf  and  a  saturated  solutiooy  on  cooling,  deposits 
crystals. 

(d.)  Compontion. — ^Anunonta  1  equiv.  17  +  1  of  acid,  36  =£  53 
tbe  equivalent  of  the  anhydrous  sah,  and  in  the  crystals  there  are 
2  equiv.  of  water  18=71 ;  there  is  a  bin-oxalate,  not  so  soluble  ^ 
the  oxalate.  It  is  a  very  mefid  reagent,  especially  in  detecting  2tme, 
and  b  preferred  to  oxalic  acid|  because  the  latter,  by  setting  free 
a  mineral  acid,  might  cause  tbe  resolution  of  the  oxalate  of  lin^,  wbile 
the  acid  would  be  engaged  by  the  ami^onia,  if  tbe  oxalate  of  that 
base  were  usec|* 

VI.  OxAuiTE  OF  Lime. 

(«.)  Formed^  between  oxalic  add  or  any  soluble  qxalate^  a$id  Ume 
water  J  or  any  soluble  calcareous  salt ;  turns  syrup  of  violets  greeo. 

(&•)  It  is  a  white  powder,  insoluble  in  water,  out,  when  recently 
precipitated,  it  is  very  soluble  in  nitric  and  muriatic  acids  ;  if,  b  any 
watery  which  we  could  examine  for  lime,  by  means  of  oxalic  acid  or 
a  soluble  oxalate,  nitric  or  muriatic  acid  is  present  iq  a  free  state, 
they  must  be  neutralized  before  the  application  of  the  test ;  thus,  ox- 
alic acid  and  lime  become  tests  of  eacti  other's  presence. 
!c.)  Decomposed  by  carbonate  of  potassa. 
d.)  Composition, — Lime'l  equiv.  28  +  acid  1  equiv.  30=64 
the  equiv.  of  the  salt;  percent,  lime  43.75  +  acid  56.25=100, 

J^  slowly  dried,  it  retains  four,  if  rapidly,  six  equivcdents  ofvmier, 
and  it  is  anhydrous,  after  being  heated  to  560^  F.  which  temperature 
it  sustains  without  decomposition.  There  is  no  bm-oxalate.  This 
salt  is  the  basis  of  the  mulberry  calculus. 

VII.  Oxalate  of  baryta  and  oxalate  of  strontia  have  nothing 
interesting,  except  that  the  bin-oxalate  of  baryta  is  soluble,  while  the 

*  The  water,  contained  in  the  crystalfl,  is  not  in  equivalent  proportion  imd  is  neg- 
lected. 
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oxalate  is  nepriy  insoluble ;  die  latter  is  converted  into  the  former,  by 
the  additioB  of  acid,  imd  its  crystals  are  decomposed,  by  nveve  solu- 
tion in  water. 

VHI.  Oxalate  or  magnesia,  formed  by  mingling  ntlphate  of 
magfuiia  and  oxaiaU  of  ammonia;  if  the  sulphate  has  b^  mod- 
evately  diluted,  with  cold  water,  it  is  not  precipitated  until  if  is  heat- 
ed, although  after  it  has  fallen,  it  is  bsoluble ;  as  lin^e  is  instantly  pre- 
cipitated, this  adbrds  the  best  method  known  of  eeparating  these 
earths.  Among  the  metallic  oxalates,  some,  as  diose  of  nickel  and 
cobalt,  afibrd  a  pure  metal,  by  ignition. 

IX.  2%6  oxalate  of  lead,  formed  by  oxalic  acid  and  acetate  or 
nitrate  of  the  metal,  detonatesj  by  beii^  heated  in  a  tube  with  bits  of 
potassium.* 

X.  The  oxalate  of  mercury,  produced  in  the  same  manner,  detonates 
by  heat,  and  was  formerly  supposed  to  enter  into  the  constitution  of 
Howard's  fulminating  mercury*  Oxalate  or  bin-oxalate  of  potassa 
and  antimony,  heated  together  in  a  covered  crucible,  aflbrd.an  alloy 
of  potassium  and  antimony.  Per-oxalate  of  copper,  digested  with 
oxalate  of  ammonia,  affi>rd8  crystals  that  detonate  by  a  sudden  heat. 

II.  Tartakic  Acid. 

I.  Name  and  History. 

Name,  from  the  crude  tartar  ofmnt,  or  from  the  salt  that  is  pu- 
rified from  it,  (cream  of  tartar,)  from  which  thi3  acid  is  extracted. 
Discovered  by  Scheele  in  1770.f  It  exists  in  several  acidulous 
firuitst  but  always  in  combination  with  lime  or  potassp.  We  always 
extract  it  from  combination;  it  is  never  formed  synthetically. 

n.  Process,||  by  decomposing  the  bitartrate  of  potassa,  by  chalk. 
Taking  the  proportions  by  the  equivalents,  they  are  as  foUows.^ 

•  H.  and  Phil.  Mag.  1827. 

t  Hi9  first  recorded  discovery. 

i  Found  in  t|ie  tamarind,  in  balm,  Carduus  benedictus,  roots  of  resharrow,  ger- 
mander luul  sage ;  sumach  is  quptfld  in  foreign  books  aa  iBontoining  tartaric  acid, 
but  I  am  reminded  b^  Prof.  Tullv,  thut  the  American  jRhus  glabra  ai&rds  maiic 
acid,  and  that  this  is  probably  the  fact  with  all  the  other  American  acidulous  sumachs. 
—Ann.  Lye.  N.  York,  Vol.  i,  p.  42.— I.  Cozzens. 

II  Or,  100  parts  pf  cr^aip  of  t^rtvur,  26 1-2  to  30  chalk  in  8  or  10  times  w  mueh 
water ;  add  tne  chalk  by  portions,  when  the  effervescence  ceases,  add  to  the  clefir 
Uquor  a  solution  of  nitrate  or  muriate  of  lime,  so  long  as  a  precipitate  falls,  wash  it 
and  then  double  as  much  sulphuric  acid«s  chalk  must  be  added  to  the  tartrate  of  lime 
diffused  in  water,  and  after  24  hours,  the  liquor  may  be  examined  for  sulphuric  acid 
by  adding  acetate  of  lead ;  if  the  precipitate  is  only  tartrate  of  lead  it  will  be  entirely 
sc^nble  in  diluted  nitric  acid ;  if  any  thing  remains,  it  is  sulphate  of  lead,  indicating  an 
excess  of  sulphuric  acid  which  may  be  saturated  by  more  chalk,  or  if  the  tartrate  of 
lime  has  not  all  been  decomposed,  more  sulphuric  acid  may  be  added.  A  little  ex- 
cess of  sulphuric  acid  does  no  harm,  but  much  would  decompose  the  tartaric  acid. 

Dr.  Henry  thinks,  that  no  advantage  is  gained  by  substituting  quick  lime  for  chalk, 
for  although  more  of  the  cream  of  tartar  is  decomposed,  the  liberated  potassa  dissolves 
the  tartrate  of  lime  and  thus  preventa  ita  precipitation.  With  chalk  we  remove 
only  one  equival|$nt  of  tartaric  acid.— Hefiry  and  Ji.  A,  Hayes,  §  Turner. 
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Powder  of  cream  of  tartar  (bitartrate  of  potassa)  198  parts,  or  one 
equivalent,  intimately  mixed  with  50,  or  one  equiv.  of  chalk ;  throw 
the  mixture,  by  portions,  into  10  parts  of  boiling  water ;  carbonic  acid 
escapes,  with  efiervescence,  and  1  equiv.  of  tartrate  of  lime  falls,  and 
one  of  soluble  tartrate  of  potassa  remains  in  solution  ;*  the  precipi- 
tate is  washed,  and  then  diffused  through  a  moderate  portion  oi  water, 
containing  one. equiv.  of  sulphuric  acid,  49;  digestion  liberates  the 
tartaric  acid,  and  after  the  separation  of  the  sulphate  of  lime  by  the 
filter  and  due  evaporation,  the  acid  is  obtained  in  crystak. 

III.  Properties. 

(a.)  Taste  very  acid,  setting  the  teeth  on  edge,  but  when  diluted, 
it  is  agreeable ;  reddens  ike  vegetable  blues. 

(i.)  Crystallizes  in  tables  or  prisms  ;'\  primitive  form  a  right  rhom- 
bic prism;  sp.  gr.  1.59. 

(c.)  Soluble  in  5  or  6  parts  of  water  at  6CP,  and  in  much  less  of 
boiling  water,  a  saturated  solution,  sp.  gr.  1.230,  becomes  mouldy 
on  the  surface  by  keepmg ;  soluble  in  alcohol. 


!d.)  By  strong  nitric  acid,  converted  into  oxalic. 
«•)  ~     


Does  not  precipitate  lime  from  the  miner(d  acids  jhuiseip9iTiae& 
it  from  the  vegetable ;  it  precipitates  baryta  and  strontia. 

(/.)  Composition. — By  the  researches  of  the  most  distinguished 
analysts,  it  appears,  that  this  acid  contains  about  ttco  thirds  of  its 
weight  of  oxygen;  from  one  quarter  to  one  third  of  carbon^  and  a 
smaU  portion  of  hydrogen.  Dr.  Henry  gives,  as  the  most  probable 
constitution,    Carbon      4  equiv.        24  36.36 

Oxygen     5      "  40  60.61 

Hydrogen  2      "  23.03 

66  1  OO.-And  the  crys- 

tals consist  of  anhydrous  acid  1  equiv.  66 -|- 1  water  9=75 ;  per  cent. 
88.16  acid  +  11.84  water.J 

(g.)  Destructive  distillation  gives  pyro-tartaric  add^  besides  the 
usual  products  of  much  inflammable  and  other  gases,  and  charcoal 
remains.  The  add  rises  in  sublimation  and  is  also  dissolved  in  the 
fluid ;  it  affords  crystals,  which,  by  heat,  give  a  white  sublimate ; 
its  distinct  character  has  been  botli  admitted  and  denied,  and  is  now 
admitted  again. 

*  It  may  be  decomposed  by  muriate  of  lime  and  the  insoluble  tartrate  of  lime,  by 
sulphuric  acid,  as  before,  or  it  may  be  reserved  as  tartrate  of  potassa  for  other  purposes. 

f  The  appearance  of  the  crystals  is  often  confused ;  in  plates,  needles,  leaves, 
pyramids,  prisms,  g^roups,  &c. 

t  Prout,  Phil.  Trans.  1827.— Thomson's  First  Principles,  11,  115. 

§  This  has  been  supposed  to  be  the  acetic,  disguised  by  oil;  it  diflfers  from  the 
tartaric  in  the  compounds  it  forms;  it  doea  not  precipitate  baryta  or  lime,  or  form  a 
salt  of  sparing  solubility  witii  potassa. . 
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IV.  Uses. — TAe  tartaric  acid  is  so  intensely  sour,  as  to  require 
large  dilution  with  water^  when  taken  as  a  beverage. 

It  is  given  in  the  military  hospitals  as  a  coding  drink,  and  its 
use  in  sodar  powders  has  been  already  stated.*  It  is  free  from  the 
rough  taste  of  cream  of  tartar,  and  is  one  of  the  most  agreeable  and 
permanent  of  the  vegetable  acids ;  its  crystals  undergo  no  change  by 
weather,  climate  or  time. 

It  is  now  largely  manufactured  and  sold  m  the  shops,  under  the 
name  of  tartaric  acid,  and  is  an  agreeable  substitute  for  lemonade. 

TARTRATES. 

1.  The  tartrates  consist  of  tartaric  acid,  and  a  base,  which,  when 
they  are  decomposed  by  heat,  is  generally  left,  mixed  with  charcoal. 

2.  The  bi-tartrates  are  less  soluble  than  the  tartrates,  b  this  respect 
resembling  the  oxalates ;  the  earthy  tartrates  are  generally  insoluble, 
and  are  obtained  by  double  decomposition. 

3.  All  the  soluble  tartrates  form  bi-tartrates  of  sparing  solubility, 
while  the  insoluble  tartrates  may  be  dissolved,  in  an  excess  of  their 
own  acid. 

4.  The  tartaric  acid  is  prone  to  unite  with  two  bases,  at  once,  to 
form  double  salts. 

I.  Bi-TARTRATE  OF  poTASSA. — Cream  of  tartar. 

I.  Origin. — Exists  in  many  vegetables  and  fruits,\  and  is  pro- 
duced by  the  fermentation  of  the  juice  of  grapes,  especially,  those 
affording  the  red  and  Rhenish  wines ;  the  salt,  as  it  forms  during 
the  fermentation,  is  deposited  on  the  interior  of  the  wine  casks,X  and 
from  this  substance,  called  tartar,  or  crude,  or  wine  tartar,  or  argal,' 
the  cream  of  tartar,  bi-tartrate  of  potassa,  is  prepared.^ 

The  process  consists,  as  in  the  case  of  bin-oxalate  of  potassa,  in 
solutions,  filtrations  and  crystallizations,  clay  or  whites  of  eggs  being 
used,  to  clarify  the  fluid.  The  crust  of  crystals,  that  appears  on  the 
surface,  beir^  skimmed  like  cream,  and  hence  the  origin  of  the  op- 
peUation,  cream  of  tartar. 

II.  Properties. 

(a.)  Crystals,  irregular  six  sided  prisms\\  with  six  terminating  fa- 
ces ;  the  primary  form,  a  right  prism  rectangular  or  rhombic.  Sp. 
gr.  1.953. 

(6.)  Taste,  /add  and  rough;  britde ;  reddens  the  vegetable  blues. 

*  Vol.  I,  p.  883.  t  It  is  abundant  in  the  tamarind. 

t  It  is  knocked  off  and  sold  under  tlie  name  of  wine  stone ;  it  often  contains  or 
copies  the  fibres  of  the  cask,  and  is  colored  more  or  iess  deeply  by  the  wine. 

§  Rozier,  Jour,  de  Ph.  Vol.  i,  p.  87. — Memoires  de  la  Academic,  1725,  and  Four- 
croy,  Vol.  vii,  p.  319. 

J  For  a  more  exact  account  of  their  form,  see  Thomson's  Annals,  Vol.  z,  p.  87, 
N.  S.  Vol.  YiK,  p.  161. 
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(e.)  8ohMemeOpwi9  ^  waieraiWP  F.,andml4M2l9P; 
hence,  it  cryttaUixtt  veiy  rapidly  6f  eooimgf,  but  itfls  mber  in  gniai 
than  distnet  ciystah. 

[d.)  CUrngpaMon. — ^It  appeats  to  cenflisl  of 

Acid,     2equiv«      ISS  73.69  per  ceM. 

Potaasail     "<  48  26.11 

^  180  loa 

To  the  number  180,  we  most  add  die  water  in  its  crjrslab,  1* 
equiT.  or  2f ;  it  cannot  be  separated  without  decomposbg  the  add. 

That  it  contains  2  equiv.  of  acid  is  proved  by  the  hct,  that  the 
alkali  which  remains  bom  the  incineration  of  a  gti^en  wei^t,  pre- 
cisely saturates  the  same  weight  of  the  crystals,  diasolTed  in  water. 

(e.)  Destructive  dtMtUUOumj  besidet  a  great  wAme  if  gates  ami 
empfreunutiie  acid  and  ail,  effords  t «  tke  rettrfmcM,  carbamate  €f  po- 
tassaX  about  one  third  of  the  weight,  formei^  caDed,  oo  acconnt  of 
its  origin,  salt  of  tartar ;  it  is  generally  regarded  as  pore,^  but  a  littie 
Sme  and  silica,  and  a  trace  of  ahmina,  iron  and  mai^anese  have 
beenobserred.||  « 

in.  Uses.— ^  mSd  and  valuable  Me£ciiie;ir  with  oxide  of  an* 
timony  forms  tartar  emetic,**  affi>rds  tartaric  acid  and  scdnble  tar- 
tar,f  f  and  black  and  white  flux  ;|{  it  appears  to  be  oonceiBed  m 
^i4ng  the  peculiar  roughness  to  the  red  wines.  It  is  used  in  dyeing, 
feUngf  ^ding,  domestic  processes,  &c. 

II.  Tartrate  of  potassa.-— Soiiiik  tartar. 

I.  Origin. — I\mnd  m  the  jaiee  of  ripe  grapes^  and  other  pu^ 
fruits ;  most  abundant  in  the  red  grape. 

n.  Process. 

(a.)  By  saiaratimg  the  solution  if  the  super  or  birtartntte,  by  car- 
himate  of  potassa;  it  is  always  thus  formed,  in  the  first  step  for  ob- 
taining tartaric  acid. 

(6.)  By  saturating  tartaric  add^'^  in  the  same  manner  tfll,  in  both 
cases,  effervescence  ceases. 

ni.  Properties. 

(a.)  KerysohMe  and  even  deliquescent;  decomposed  by  most 
acids,  t»-Urtrate  of  potassa  being  deposited ;  during  the  fermeiitatioQ 
of  wines,  it  is  decomposed  by  the  carbonic  acid,  which  takes  one 
half  its  base,  and  most  of  the  bi-sak  then  &]hu 

*  Tbomaoa.  t  Beneliiu. 

X  Mixed  wiUt  charMftl,  wMch  fa  re— ¥td  by  lolutioB  uid  6)tnlien. 
§  Especially  free  from  soda,  aad  was  tfaetefere  used,  by  Gey-Liunc  and  Tbesaid 
in  preparing  pure  potaainm.  |  Aim.  de  Ck.  Vol.  i.zit,  pu  4t. 

t  Doee  half  an  ox.  to  1  oau  aad  leal  as  aa  iqpeiieiit  or  alleratiTe. 
•*  See  p.  212of  Uifa  Volume.  H  See  Oose  Mtidet. 

n  Vol.  I,  p.  410. 
§§  112of  add  to  ISO  of  aab-ctfboiiate  and  100  of  craw  of  lartv  to«l-a«f 
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(&.)  Crystahj  often  irregular  six  sided  prisms^  with  dihedral  sum- 
mits ;  primitive  form,  a  right  rhomboida]  prism. 

(c.)  Composition. — Acid  1  equiv.  66  +  1  potassa  48=114,  and 
in  the  crystab,  2  equiv.  of  water  18=132;  a  heat  of  248^  F.  ex- 
pels the  water  without  decomposing  the  acid ;  per  cent,  the  anhydrous 
salt  contains  acid  57.90  +  potassa  42.10. 

IV.  Uses. — Chiefly  medical;  it  is  the  soluble  tartar  of  die  phy- 
sician, and  is  frequendy  formed  in  the  first  mode  named  above. 

R^nark. — Such  is  the  tendency  of  tartaric  acid  to  form  an  inso- 
luble bi-tartrate,  with  potassa,  that  it  takes  that  alkali  even  from  the 
mineral  acids-— e.  g.  from  die  muriate  of  potassa,  and  when  tartaric 
acid  is  added  to  a  soludon  of  tartrate  of  potassa,  a  white  powder  falls, - 
which  is  the  bi-tartrate.  If  to  a  strong  solution  of  tartaric  acid,  we 
add  half  enough  of  potassa  to  saturate  the  acid,  there  will  be  a 
precipitate  of  bi-tartrate ;  if  as  much  more  alkali  is  added,  it  will  be 
redissolved  and  the  precipitate  will  be  renewed  on  adding  an  acid, 
e.  g.  the  muriatic. 

3.  Tartrate  or  potassa  and  soda. — Salt  of  Seignette^*  Ro- 
chelle  salt,* 

I.  Process. 

(a.)  By  saturating  cream  of  tartar,  18  parts,  with  sub-carbonate 
of  soda,  18. 

II.  Properties. 

(a.)  The  crystals  are  often  large  and  very  beautiful;  form  pris- 
madc,  or  rhomboidal  prisms,  with  10  or  12  sides. 

[b.)  Soluble  in  5  parts  ofcold,  and  in  much  less  of  boiling  water; 
taste,  bitter. 

^c.)  Composition. — ^Tartrate  of  potassa  54  -|-  tartrate  of  soda  46, 
which  are  almost  exacdy  the  equivalent  proportions. 

III.  Uses. — A  valuable  meatcine. 

The  cream  of  tartar  is  so  prone  to  combine  with  an  additional 
base,  that  it  often  acts  as  a  simple  acid,  and  dissolves  oxides  that  are 
insoluble  in  the  mineral  acids,  and  even  in  the  tartaric.f 

4.  Tartrate  of  soda. — It  has  been  already  mentioned,  as  being 
formed,  when  the  soda  powders  are  mixed ;  carbonate  of  soda  is 
bett^  adapted  than  carbonate  of  potassa  to  that  use,  because  it  is  less 
prone  to  form  an  bsoluble  bi-salt.  The  crystals  of  tartrate  of  soda 
are  fine  needles. 

5.  Tartrate  of  ammonia  is  formed  synthetically ;  bitter,  very 
soluble ;  forms  an  insoluble  bi-tartrate. 

6.  Earthy  tartrates. — ^The  tartrate  of  lime  is  produced,  as  al- 
ready mentioned,  in  the  process  for  tartaric  acid ;  it  has  no  other  use. 

*  From  the  apothecary  by  whom,  and  the  place  at  which,  this  fait  Was  first  formed. 
i  Ann.  de  Ch.  et  de  Ph.  Vol.  iii»  p.  281,  and  h. 

Vol.  n.  60 
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Tlie  other  earthy  tartrates  are  formed,  in  general,  bjr  doable  ex- 
change, between  the  tartrate  of  potassa  and  a  soluble  salt  of  the  earth. 

7.  Metallic  tartrates. — ^That  of  antimony  and  potassa  is  the 
only  important  one,  (see  antimony  p.  212.) 

The  tartrate  of  lead,  formed  between  acetate  of  lead  and  tartaric 
acid  or  tartrate  of  potassa,  is  a  white  powder,  and  when  warmed  in  a 
tube  and  poured  out  into  the  air  it  u  a  pyrophorus. 

Tartrate  of  mercury  is  an  insoluble  white  powder ;  a  triple  com- 
pound is  formed  between  6  parts  of  cream  of  tartar  and  1  oxide  of 
mercury  by  boiling. 

III.  Citric  Acid. 

I.  Name,  from  Citrus^  the  lemon  or  orange,  which  contains  it 
in  abundance ;  discovered  by  Mr,  ^cheele,  of  Sweden. 

II.  Process.* 

(a.)  lAme  or  lemon  juice  is  neutralized  by  chalk,  and  the  citrate 
of  lime  is  decomposed  by  sulphuric  acid, 

(A.)  Saturate  the  expressed  juice  by  powdered  chalk,f  with  agi- 
tation; after  subsidence  of  the  solid  citrate  of  lime  decant  the  wa- 
ter, add  more,  repeatedly,  till  there  is  no  taste  or  color  in  the  fluid. 

(c.)  To  the  solid  citrate,|  constantly  stirred,  add  as  much  sulphuric 
acid,  of  a  density  not  far  from  1.85,  diluted  with  10  parts  of  water; 
stir  the  mixture,  occasionally,  for  24  hours;  let  the  sulphate  of  lime 
subside ;  add  water,  till  it  comes  off  tasteless ;  mix  the  liquors,^  and 
evaporate  to  |,  and  more  sulphate  of  lime  will  fall;  evaporate  again 
to  the  density  of  a  syrup,  and  brown  crystals  will  form,  which  are  pu- 
rified by  repeated  solutions  and  crystallizations. 

III.  Properties. 

(a.)  Crystallizes  in  large  rhomboidal  tables  or  prisms ;  transpa- 
rent and  beautiful ;  primitive  form,  a  right  rhombic  prism. 


*  As  citric  acid  has  become  an  important  article  of  commerce,  much  attention  is 
now  paid  to  the  details  of  the  manufacture,  a  full  account  of  which  may  be  fooud  in 
Parkes'  Chemical  Essays,  and  in  the  46tb  Vol.  of  the  Phil.  Mag.  See  also  Henry's 
Chem.  nth  edition.  Vol.  xi,  p.  228. 

t  According  to  Dr.  Henry's  experience,  6  or  8  oz.  of  chalk  will  saturate  a  wine 
jl^IIon  of  lemon  juice,  and  in  1  gallon,  he  has  (bund  even  12  oz.  of  solid  citric  acid,  but 
it  averages  about  6  or  8  oz.  to  1  gallon ;  for  a  method  of  estimating  the  proportioD 
with  sufficient  accuracy,  see  Henry's  Chem.  Vol.  ii,  p.  229,  11th  edition. 

t  The  equivalents  are  dry  citrate  of  lime,  86,  -|-  49  of  strong  sulphuric  acid  di- 
luted with  10  of  water.  In  general,  90  parts  of  lemon  juice  (94  Proiut,)  require 
4  parts  of  chalk  for  saturation,  which  produce  6  parts,  (7 1-2  Proust,)  of  citrate  of  lime, 
and   18  parts  (20  Proust,)  of  sulphuric  acid  are  necessary  for  their  decomposition. 

§  They  may  contain  a  Kttie  sulphuric  acid  and  mucilage ;  the  former  is  detected 
by  acetate  of  lead,  and  may  be  neutralized  by  more  citrate  of  lime ;  but  a  little  does 
no  harm,  as  the  citric  acid  crystallizes  and  leaves  the  sulphuric,  and  also  the  mucil- 
age,    if  there  is  lime  in  excess,  the  citric  acid  will  not  crystallize. 
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(i.)  Crystabj  permanent*  in  the  air;  lose  about  7  pr.  ct.  by  being 
heated,  to  the  point  just  below  decomposition ;  endure  all  climates  and 
vicissitudes  of  weather,  unchanged^  but  the  aqueous  solution,  like  those 
of  most  vegetable  bodies,  is  slowly  decomposed  by  keeping. 

(c.)  Taste  very  acid^  but  agreeable,  and  not  corrosive  ;  in  solution 
vAth  toatery  it  is  grateful;  reddens  the  vegetable  blues;  soluble  in  1^ 
part  of  cold  water,  and  in  hall*  its  weight  of  boiling  water. 

(d.)  Nitric  acidf  3  parts,  converts  it  into  the  oxalic^  half  a  part, 
and  by  increasing  the  proportion  of  the  nitric,  it  is  essentially  con- 
verted into  the  acetic  acid. 

(6.)  Composition, — ^The  mo^t  eminent  chemists  have  obtained  dif- 
ferent proportions ;  but  the  most  probable  constitution,  deduced  from 
the  experiments  of  Thomson  and  Berzelius,  appears  to  be,  carbon 
4  equiv.  =  24,  and  oxygen  4  =  32,  hydrogen  2  =  58,  the  equiv. 
of  the  acid.f 

(/.)  Destructive  distillation  affords  the  usual  products  of  veget- 
able decomposition,  and  also  an  acid,  supposed  to  be  a  peculiar  one  ; 
it  is  called  the  pyro-dtric,  but  if  a  distinct  acid,  it  is  not  important.  J 

IV.  Uses. — Tartaric  acid  is  carried  to  sea  as  an  antidote  to 
scurvy  ;  it  affords  an  excellent  substitute  for  lemonade ;  it  is  necessary 
only  to  dissolve  it  in  about  19  parts  of  water  with  sufficient  sugar, 
and  add  the  essential  oil  of  lemons.  It  may  be  mixed,  in  the  pro- 
portion of  half  an  ounce  with  one  pound  of  sugar,  and  this  may  be 
essenced  by  6  or  6  drops  of  oil  of  lemons  on  a  lump  of  sugar. 

It  was,  many  years  ago,  suggested  by  Fourcroy,  that  the  juice  of 
limes  and  lemons  might,  in  the  West  Indies,  be  saturated  with  lime  or 
chalk,  and  then  exported  to  Europe  for  decomposition  by  sulphuric 
acid ;  this  is  now  done  with  advantage. 

Citric  acid  is  often  employed  in  making  the  effervescing  mixture, 
with  carbonate  of  potassa  or  soda.  It  Removes  iron  stains  in  the 
same  manner  as  oxalic  acid.  It  is  used  by  dyers,  to  enliven  the  color 
of  the  safflower,  and  to  produce  a  fine  red  with  tin  and  cochineal, 
especially  for  silk  and  morocco.  Like  tartaric  acid,  it  whitens  and 
hardens  tallow.  As  the  tartaric  acid  is  cheaper  than  the  ciuric,  it  is 
sometimes  used  to  adulterate  it,  and  may  be  discovered,  by  adding 
carbonate  of  potassa,  which,  if  tartaric  acid  be  present,  will  precipi- 
tate cream  of  tartar. 


*  I  have  one  nearly  an  inch  square,  formed  in  -London,  (July  1805,)  which  re- 
mains unchanged  after  twenty  five  years ;  the  acid  in  the  entire  solution,  placed  in 
Mr.  Accum*s  garret  and  forgotten,  was  found  to  have  been  absorbed  into  a  single 
crystal,  doubtless  at  the  expense  of  many  smaller  ones,  in  the  manner  pointed  oat 
by  Dr.  Wollaston,  (Faraday's  Chem.  Manip.  p.  253.)  In  general,  great  quantities 
01  fluids  are  necessary  to  produce  large  and  fine  crystals,  according  to  the  method 
of  Mr.  Ditk  in  Paris. 

f  For  different  views,  see  Henry,  11th  edition,  Vol.  ii,  p.  231,  and  Phil.  Trans. 
1812;  aVto  Gray's  Operative  Chemist. 

tSecHenry,  Vol.  ii,p.233. 
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tate  in  cold  witer ;  it  is  saoguinariot,  eombiDed  widi  eMractive  and 
coloring  matter,  and  mixed  with  some  earths*  Disadhre  die  aoUbk 
part  in  warm  alcohol  and  waah  with  the  same ;  distil  the  clear  fluid 
from  a  glass  retort  placed  in  a  vapor  bath ;  when  the  solutioD  be- 
comes turbid  by  concentration,  it  must  be  decanted,  while  hot,  inlD 
cylindrical  vesseb,  one  half  filled  with  cold  pure  water ;  the  alkali 
is  precipitated  in  the  form  of  a  yellowish  white  bulky  powder,  it  is 
mixed  with  a  portion  of  a  subsunce  insoluble  in  diluted  acids  and 
resemblbg  resm ;  by  dissolving  the  soluble  part  m  muriatic  acid  with 
10  of  water,  precipitatbg  t^  ammonia  and  treating  as  above,  the  al- 
kali is  obtained  pure,    it  jbould  be  washed  and  collected  in  covered 


ni.  Pbopebties. 

(a.)  It  usually  appears  in  the  form  of  a  sofi  whitepiwder;  by  (he 
spontaneous  evaporation  of  an  alcoholic  solution,  it  may  be  obtmnei 
in  maaesy  which  exhibit  a  crystalline  structure ;  possesses  no  odor, 
taste  bitter,  then  acrid,  but  less  so  than  its  salts. 

(b,)  Renders  blue  colors  green^  and  changes  yellow  to  brmon  ;  dis- 
solves in  most  acids  znA  forms  widi  them  neutral  salts  of  a  red  color, 
a  character  peculiar  to  the  alkali.  In  a  solution  of  potassa  it  dis- 
solves and  forms  a  milky  compound,  from  which  aciaSj  cautiously  ad- 
ded, precipitate  the  alkali;  exposed  to  the  atmosphere,  while  moist, 
it  absorbs  carbonic  acid  and  becomes  of  a  buff  color ;  sohiUe  in 
edier  and  left  unchanged  by  evaporation ;  but  slightly  soluble  in  water. 

(c.)  When  heated^  it  melts  ;  on  cooling,  a  transparent,  brown,  brit- 
de  substance  remains ;  at  a  higher  temperature  it  is  decomposed. 

(d.)  TTie  nitrate  is  formed  by  double  exchange ;  it  precipitates, 
ana  may  be  washed  in  water  containing  a  few  drops  of  nitric  acid ; 
while  moist,  it  is  a  bulky  red  powder,  but  in  drying,  becomes  a  red- 
dish brown  substance  like  wax ;  soluble  in  water,  solution  light  red. 

(e.)  Sulphate  ;  formed  by  neutralizing  dilute  sulphuric  eteid  vnth 
the  moist  alkali^  a  beautiful  red  solution  is  obtained  ;  it  is  more  solu- 
ble than  the  nitrate. 

(/.)  Muriate;  by  dissolving  the  moist  alkali  in  warm  mstriatw 
acta,  and  evaporating,  till  a  pellicle  appears,  the  whole,  on  cooling, 
becomes  an  imperfecdy  crystallized  mass  ;  cobr  fine  crimson,*  very 
soluble  in  water ;  the  solution  is  decomposed  by  alkalies ;  soluble  in 
alcohol,  and  is  perhaps  the  best  form  for  medical  exhibition. 

(f.)  Carbonate;  %t  is  of  a  pale  red  color^  slightly  soluble  in  water, 
soluble  in  an  excess  of  carbonic  acid :  bi-carbonates  do  not  precipi- 
tate the  alkali  from  dilute  solutions. 

*  The  color  of  the  native  root  is  due  to  the  malate  of  sanguinarioa,  its  brightnea 
being  clouded  by  other  urinciples;  the  purer  the  alkali,  the  brighter  are  it^  salts. — 
A.  A.  H.    N.  B.  Printed  after  the  note  on  page  505. 
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t  (A.)  Twtratti  very  solvblCi  sdudon  or  a  red  color,  taste  very 

ft  acrid :  ery$taU  of  a  deq)  crimson. 

i  (f.)  The  oxalate  is  of  a  splendid  scarlet,^ 

I  '    (y.)  The  alkali  ejoists  in  the  root  combined  trith  an  acid,  the  pro'^ 

\  peities  of  which  resemble  those  of  the  malic ;  the  malate  is  slightly 

i  soluble  in  water ;  very  soluble  in  alcohol. 

i  (k,)  The  salts  are  inodorous ,  but  their  powder  produces  great  irri- 

I  iation  in-  the  nostrils. 

I  (Z.)  They  are  all  precipitated  by  infusion  of  galls. 

(m.)  Decomposed  by  alkalies  and  alkaline  earths;  the  sanguinarine 
I  falls,  unaltered,  front  its  union  with  a  dilute  acid,  but  altered  from  a 

strong  acid ;  it  retains  a  portion  both  of  the  acid  and  alkali. 

(n.)  The  color  of  the  salts  of  sangumarine  is  attributed  to  a  conoi- 

bmation  between  acids  and  the  alkali. 
I  Its  composition  has  not  been  ascertained ;  but  Dr.  Tully  has  proved, 

I  that  the  medicinal  viitues  of  blood-root  reside  in  this  principle,  and 

that  they  are  not  impaired  by  combination  with  acids.     It  is  medi- 
(  cinaUy  deobstruent,  acrid*narcotic  and  emetic.f 


^  XVI.    PiCROTOXIA. 


I.  Origin  and  name. — This  is  the  bitter  and  poisonous  principle 
of  the  Cocculus  indicus,  the  berries  of  Menispermum  Coceulusy  and 
although  it  has  received  a  name,  in  analogy  with  those  of  the  veget- 
able alkalies,  it  appears  not  to  be  entitled  to  that  rank,  as  it  does  not 
act  like  an  alkali  by  neutralizing  acids;  as  however,  it  is  not  without  re- 
semblance to  vegeto-alkaline  bodies,  it  may  be  alkwed  to  fall  into  their 
train,  without  being  regarded  as  strictly,  one  of  them.  The  name  means 
a  bitter  poison,  and  the  opinion  of  its  nature,  first  proposed  by  Boul- 
-  lay,!  has  been  sustained  by  the  more  recent  examination  of  Casaseca.^ 

IL  Preparation. 

(a.)  Ammonia,  in  excess,  precipitates  a  white  granular  crystalline 
powder,  from  a  strong  infusion  of  the  seeds ;  this  precipitate,  after  being 
washed  witli  cold  water,  is  partially  dissolved  in  alcohol,  without  im- 
parting color,  and  silky  needles  are  (Stained  by  spontaneous  evap* 
cration* 

*  Obtoined  by  Dr.  Tully. 

f  I  owe  the  materials  for  this  account  of  saDeuinarine  to  a  MS.  comrouoication 
from  Mr.  A.  A.  Hayes,  and  another  from  Prof.  V^m.  Tully.  The  alkali  is  supposed 
td  have  the  power  of  deyelopiog  color,  hy  combining  with  acids,  but  as  (he  color  re- 
sembles that  of  the  root,  it  may  need  farther  investiffatioo,  to  ascertain  whether  any 
of  the  natural  coloring  matter  remains  with  the  alkali,  after  Its  extraction,  or  wheth- 
er, as  suggested  by  a  correspondent,  some  vegetable  acid  enters  into  the  compositioii 
of  these  salts. 

t  Thesis  Fac.  Scien.  1818.  The  frait  is  the  produce  of  two  species  which  are 
now  called  Cocculus  sttberostu  and  Cocculus  Plukenetiiy  by  Prof.  DeCandoIIe.  If 
Menispermum  Cocculus  can  be  considered  the  name  of  any  thin^.  It  belongs  (o 
two  distinct  plants  to  which  the  above  names  are  now  appropriated. — Pro/  Tulw. 

\Vol.  XXX, p.  907,1826. 
'oL.  IL  64 
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(b.)  An  alcoholic  solution  from  the  seeds,  gives  tlie  pure  precipi- 
tate hy  the  aid  of  magnesia;  a  grayish  powder  falls,  which,  being  lixi- 
viated with  alcohol,  albrds  white  crystals. 

(c.)  To  the  filtered  decoction  of  the  berries,  add  acetate  of  lead, 
till  precipitation  ceases ;  filter  and  evaporate  to  the  consistence  of  an 
extract ;  dissolve  in  alcohol,  sp.  gr.  0.817,  and  evaporate  to  dry- 
ness ;  after  repeated  solutions  and  evaporations,  the  substance  be- 
comes equally  soluble  in  alcohol  and  in  water,  and  the  latter,  by  a^ 
tation,  removes  the  coloring  matter ;  crystals  of  picrotoxia  now  fall, 
and  may  be  washed  with  a  litde  alcohol.''^ 

II.    PHOPCRTIES. 

(d.)  Crystals,  prisms  of  four  sides;  white;  disgustingly  hitter; 
inodorous. 

{b.)  Soluble  in  2^  parts  of  boiling  water,  and  one  half  falb  on  cool- 
ing; no  known  agent  precipitates  the  picrotoxia  finom  its  aqueous  solution. 

(c.)  Alcohol  sp.  gr.  .810,  dissolves  |,  and  ether  sp.  gr.  .700,  |  of 
its  weight ;  from  the  alcoholic  solution,  water  precipitates  a  portion, 
which  more  water  dissolves. 

{d.)  Decomposed  and  charred,  by  strong  sulphuric  acid;  dissolved 
in  the  dilute  sulphuric  acid,  which  however,  it  does  not  saturate  in 
the  least;  soluble,  also,  in  acetic  acidf  and  is  precipitated  by  carbonate 
of  potassa ;  soluble  in  weak  caustic  alkalies,  and  in  olive,  almond, 
and  turpentine  oil. 

(e.)  Decomposed  by  he^t ;  bums  without  flame  and  smells  like  a 
resih ;  its  exact  constitution  and  proportions  are  unknown. 

(/.)  Fatal  to  life  ;  ten  grains,  being  given  in  a  crumb  of  bread,  to 
a  young  dog  of  common  strength,  the  animal  died  in  forty  five  min- 
utes, in  violent  convulsions. 

Remarks. — It  appears  that  the  substance,  insoluble  in  alcohol,  con- 
tains animal  and  coloring  matter,  iron,  silica,  sulphate  and  muriate 
of  potassa,  phosphate  of  lime,|  &c. 

Gaffosa. — It  appears  doubtful  whether  this  is  an  alkali.  It  was 
discovered  by  Robiquet,  when  he  was  searching  for  quinia  in  cof- 
fee, for  coffee  is  of  the  same  family  with  cinchona,  and  both 
possess  febrifuge  properties.  The  evaporated  aqueous  extract  is 
treated  with  calcined  magnesia,  >  and  tne  caffcea  crystallizes  in  ar- 
borescent forms,  nearly  colorless  and  transparent ;  being  redissolved 
in  alcohol  or  boiling  water,  it  falls,  on  cooling,  in  silky  crystals  like 
amianthus.^  It  is  white,  slightly  soluble  and  crystalline.  It  has  not 
the  power  of  saturating  ad3s.\\ 

*  Ure's  Dictionary.        t  With  the  acetic  acid,  it  forms  a  crystallizable  compound. 

I  T%e  menispermie  acid,  fonnerly  named  as  existing  in  the  Cocculus  indicus,  iaa 
mixture  of  sulphuric  acid  and  organic  matter. 

§  See  another  and  much  longer  process  by  Pelletier,  Ann.  Phil.  Vol.  xii,  p.  3d5, 
Kov.  1826.  g  Ann.  de  Ch.  et  de  Ph.  Yoh  xxir,  p.  183. 
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Its  compontion  is  carbon,  46:51,  nitrogen,  21.54,  oxygen,  27.14, 
hydrogen,  4.81,  =  100.  It  contains  more  nitrogen  than  most  ani- 
mal bodies,  and  still  is  not,  like  them,  disposed  to  putrefaction.* 

The  hendockj  Conium  mactdatum^  is  said  to  afford  another  alkali^ 
half  a  grain  of  which  killed  a  rabbit.f 

Olivile,J  extracted  by  alcohol,  ^om  the  gum  of  the  olive  tree ;  it 
is  in  powder  or  in  needles ;  inodorous ;  taste  bitter,  sweet  and  aro- 
matic. 

Cathartin,§  the  medicinal  principle  of  senna. 

It  appears,  that  there  is  no  exclusive  hitter  principle^  as  the  bitter- 
ness of  plants  depends  on  various  things,  and  is  different  in  the 
hop,  in  the  nux  vomica,  in  bark,'  in  opium,  &c. 

Extract  seems  not  to  he  a  distinct  principle^  although  the  word  is 
still  used.  It  is  now  regarded  as  modified  tannin.j|  The  hot  aque- 
ous solution  grows  turbid  in  cooling ;  a  hot  infusion  of  galls  or  of 
bark,  passes  turbid  through  the  filter,  apparently  from  absorbing  ox- 
ygen, find  by  repeated  solutions  and  evaporations,  it  becomes  insolu- 
ble. It  would  be  well  if  the  word  were  dropped,  although,  as  it  is 
not  yet  discarded  by  chemists,  I  have  found  it  difficult  to  avoid  using 
it,  occasionally,  in  the  preceding  pages. 

Sec.  XVni. — Other  vegetable  principles  or  probucJts,  some 
of  them  doubtfuL 

1.  AsPARAGiN,ir  in  the  juice  of  asparagus^  with  an  acid  called 
the  aspartic ;  in  the  Althea  officinalis  or  marsh  mallow,  with  malic  acid, 
and  in  the  juice  of  fresh  liquorice**  root  and  m  comfrey. 

The  crystals  fall,  spontaneously,  from  asparagus  juice  ;f  f  they  are 
white,  form  rectangular  octahedra,  or  prisms  of  six  sides,  or  right 
rhombic  prisms ;  taste,  cool  and  nauseous ;  it  is  neither  acid  or  alka- 
line. The  aspartic  acid  crystallizes  in  square  prisms,  turns  starch 
into  sugar  and  forms  numerous  salts  with  die  bases. |{  Both  it  and 
the  asparagin  appear  to  contain  nitrogen,  as  ammonia  is  obtained  by 
their  decomposition. 

2.  Ulmin. — Obtained  by  Klaproth  in  1802,  from  Palermo,  being 
an  exudation  from  a  species  of  elm.     Elm  bark,  acted  on  by  hot 

*  But  damaged  coffee  is  offeraive,  and  its  exhalations  are  coromoDly  thought  to 
be  unhealthy. 

t  Several  new  vegetable  alkalies  were  announced,  last  year,  by  Dr.  C.  C.  Conwell, 
of  Philadelphia,  for  an  account  of  which  see  his  printed  dissertation  on  vegetable 
chemistry. 

t  Ann.  of  Philos.  Vol.  xli,  p.  33.;  Jour,  de  Phar.  Vol.  ii,  p.  837 ;  Th^n.  Vol.  iv,  p. 
258.  §  Ann.  de  Chim.  et  de  Phys.  Vol.  xvi,  p.  16. 

II  Ann.  de  Chim.  et  de  Phys.  Vol.  xxvii,  p.  384. 

If  Ann.  de  Chim.  Vol.  lvii,p,  88;  Ann.  deCbim.  et  de  Phys.  Vol.  xxxvii,  p.  81. 

**  It  appears  not  to  be  found  in  dried  liquorice. 

i  {  Heated  to  coagulate  albumen,  and  left  for  15  or  20  days. 

U  Ann.  de  Chim.  ct  de  Phys.  Vol.  xl,  p.  309. 
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afcohpl  and  cold  water,  and  then  hj  an  tqueoin  boIumii  of  an  i1> 
kalioe  carbonate,  yields  ulmin,  when  an  acid  U  added.  It  greadf 
resembles  gum ;  solid,  hard,  black,  lustrous;  soluble  io  water, 
but  does  not  form  a  paste ;  precipitated  by  alcohol,  is  wtuch  it 
is  rendered  soluble  by  nitric  acid  and  chknine  ;  it  appears  then  la 
become  resinous  by  acquiring  oxygen.  It  exists  in  the  bark  of  most 
trees,  and  exudes  from  many ;  it  is  tasteless ;  not  precipitated  by 
tannin,  gelatine  or  acids ;  ammonia  and  oxygen  convert  gallic  add 
into  ulmin  ;*  composed  of  12  carbon,  1  hydrogen,  and  16  mygvn- 

5.  Dahlihe — <AifprodticlMyrom<A6iMUM,f  aiiJif/NMMltitde 
Jenuakm  artichoke  ;  it  has  great  anak>gjr  with  starch,  particulaily 
in  becoming  sugar  by  the  actKNi  of  sulf^unc  acid ;  it  also  reseobtei 
inulin.  It  is  white,  inodorous,  tasteless  and  more  soluble  in  hot  than 
in  cold  water.  For  tlie  processes}  and  other  particulars,  see  the  an* 
tborities  cited  below.§  The  Jerusalem  artichoke  is  nutritious,  prin- 
cipally in  consequence  of  this  principle  or  of  inulin,  both  of  which 
are  probably  yarieties  of  fecula.  Dahline,  on  being  evaporated,  fomis 
a  granulated  mass,  and  is  heavier  than  starch. 

4.  In  CLIN— ^from  the  root  of  elecampane^  Inula  Bdennm.  The 
extract  from  the  hot  infusion  of  elecampane  roots  is  washed  with 
cold  water  which  deposits  the  inulin ;  it  falls  also,  spontaneously,  firom 
the  hot  infusion,  as  it  cools.  Like  starch,  it  is  insoluble,  in  cold  but 
soluble  in  hot  water ;  unlike  it,  it  falls  as  the  fluid  cools,  and  it  does 
not  give  a  blue  with  iodine,  but  a  perishable  greenish  yellow  ;  its  in- 
solubility in  cold  water  distinguishes  it  from  gum,  and  nitric  acid  does 
not  convert  it  into  the  mucous  acid  ;  its  aqueous  solution  is  precip- 
itated by  alcohol.  It  is  found  in  Colchicum  autumnale,||  in  the  An- 
themis  Fyrethrum,ir  in  the  Angelica  Aicbangelica,  and  is  said  to 
exist  in  the  gall  nut.** 

6.  Legumine — extracted  from  the  pvlp  of  ripe  peas  ;  afier  the 
deposition  of  starch,  it  falls  in  scales  which  become  white  by  the  ac- 
tion of  alcohol,  and  this  dissolves  a  green  matter  like  chlorophyllin. 
Vegetable  acids  dissolve  legumine,  but  the  mineral  acids  form  with  it  in-« 
soluble  compounds,  which  are  dissolved  by  boiling  with  more  of  the 
same  acid.  Both  its  aqueous  and  alkaline  solutions  may  be  made  to 
froth,  and  may  be  blown  into  bubbles  like  soap.     Its  solution  in  weak 


•  Ann.  de  Chlm.  etde  Phyi.  Vol.  xxiv,  p.  3SB. 

1  Originally  named  aft«r  Georges,  a  Petersbur;s;h  profesMr,  and  called  Oeorgfim 
or  fceorpa  by  all  the  NystemAtlcal  works  on  botany. — w.  t. 

X  The  process  is  concisely  this.  The  infusion  of  the  pulp  of  the  Dahlia  »  boHed 
with  one  twentieth  of  chalk,  and  after  evaporation  is  treated  with  charcoaJ  and  white 
of  erg;  the  filtered  and  evnparated  fluid  deposits  Dahllnc  on  cooltos. 

&  Ann.  de  Chlnj.  et  de  Phys.  Vol.  xxhr,  p.  210 ;  Id.  Vol.  xxx,  p.  858 ;  also  Henry, 
Vol  ii,  p.  S54,  lllh  Ed.  and  Ure's  Diet.  p.  .384. 

n  It  produces  a  bine  with  iodine,  but  owing  to  starch  with  which  it  is  conbtned. 

k  The  pyrethrum  contain  88  per  cent,  and  U  of  gnm. 

**  Ado.  de  Chlm.  et  de  Phys.  xW,  p.  82,  and  Vol.  viii,  p.  It^. 
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aeads,  giv«9»  with  su^pJttte  of  Kme,.  a  ieaae  coagulum,  which  is  sup- 
posed  to  expbuD  why  peas  are  hardeoed  by  boiling  with  g^rpseous  wa- 
ter* Peas,  by  BracoDoot's  analysis^  contain  18.40  per  cent,  of  le- 
gumioe,  with  42.58  starch,  8  water,  4  pectic  acid,  animalized  mat- 
ter 8,  be.  and  beans  are  akoost  identical  in  their  composition.* 

6.  FuNGiM  u  the  flesh/  part  of  the  mushroom^  after  alcohol  and 
alkaline  water  have  removed  every  thing  soluble  in  them.  It  is 
white,  insipid,  soft,  slightly  ela^c,  highly  nutritious  and  innocuous ; 
very  combustible  and  emits  a  paoary  -smell ;  it  yields  ammonia  by 
destructive  distillation ;  nitrogen  is  evolved  by  nitric  acid,  and  it  pu- 
trefies ii4lh  an  animal  odor,  and  fi)r  these  various  reasons,  it  appears 
iQuch  assimilated  to  animal  matter.f 

7.  NicoTiN— ^osi  tobacco,  JVteotiana  Tabaeum.  The  juice  of 
tobacco  b  repeatedly  evaporated  and  poured  off  from  a  gritty  pow- 
der as  often  as  it  lalls,  and  is  then  digested  with  alcohol  which  is 
gently  distilled  to  dryness,  and  this  is  repeated  from  the  residuum 
dissolved  in  water ;  potassa  removes  acetic  and  malic  acids,  and  by 
distilling  again  to  dryness,  and  rq>eatii^  the  solution  of  the  residuum 
and  the  distillation,  the  niootin  passes  into  the  receiver  and  is  obtain- 
ed in  a  cokrless  soludon,  smelling  like  tobacco,  and  causing  sneezing ; 
it  is  acrid,  and  a  powerful  narcotic  poison ;  it  resembles  some  vol* 
atile  oikul 

8.  PiPBRiN,  from  black  pepper j  Piper  n^^m. 

Pepper  is  digested  in  alcohol,  and  the  residuum  of  its  evaporation, 
which,  after  being  washed  with  warm  water,  is  green,  and  has  a 
burning  taste,  is  again  dissolved  in  alcohol,  which,  spontaneously,  de- 
posits crystals  oa  standing ;  they  are  purified,  by  repeated  solutions 
and  crystallizations.^ 

One  gallon  of  alcohol  is  digested,  for  ten  days,  on  1  lb.  of  black 
pepper;  half  is  distilled  off;  muriatic  acid  is  added  to  dissolve  the  pip- 
erine,  and  water  to  separate  resin  and  oil ;  decompose  the  concen- 
trated muriate  by  potassa,  and  the  piperine  precipitates  in  crystals^ 
colored  yelbw  by  the  oil.||  If  pure,  tbey  are  white,  bodorous  and 
insipid,  but  with  the  resin  tliat  remains  in  the  crystals  they  are  hot 

*  Ann.  de  Chim.  et  de  Phys.  Vol.  xxxi7,  p.  84. 

t  Ann.  de  Chira.  Vol.  Ixxix,  p.  267,  and  Hen.  Vol.  ii,  p.  856,  llth  Ed. 

t  Ann.  de  Chim.  Vol.  Ixxi,  p.  1S9.  and  Hen.  Vol.  ii,  p.  858,  llth  £d.  Dr.  Cod- 
well.  Am.  Jour.  Vol.  xvii,  p.  869,Btate8  that  the  poisonous  property  of  tobacco  b  in 
a  vellow  oil  havios  the  smell  and  taste  of  the  plant,  and  be  finds  a  new  vegetable 
alkali  which  he  calls  nicotia.  The  empyreumatic  oil  of  tobacco,  disengaged  in  smok- 
ing, is  doubtless  nicotin  modified,  and  perhaps  rendered  more  noxious  by  the  heat; 
(See  note,  p.  440,  of  this  Vol.)  As  a  source  of  refreshment  and  pleasure  to  man, 
tobacco  ought  to  be  universally  proscribed  ;  It  should  be  retained  only  as  a  means  of 
destroying  insects  and  vermin,  and  as  a  medicine,  which,  in  its  internal  use,  is  how- 
ever, so  violent  and  dangero\is,  that  the  proper  occasions  for  employing  it  roust  be 
lew  and  far  between.  §  Pelletier,  Ann.  de  Ch.  et  de  Ph.  Vol.  xvi,  p.  337. 

H  Mr.  G.  W.  Carpenter,  Am.  Jour.  Vol.  13,  p.  834 :  tlie  oil  may  be  entirely  re^ 
moved  by  great  care  in  the  precipitation,  but  it  does  no  harm  and  it  is  not  worth 
while  to  remove  it. 
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and  acrimonious  and  have,  to  a  degree,  the  smell  of  pepper.  The 
crystals  are  prisms  of  4  sides,  very  soluble  in  alcohol  and  less  so  ia 
ether  ',*  they  assume  a  feathery  form,  when  falling  from  a  solution 
in  acetic  acid.  The  activity  of  the  pepper  appears  to  reside  ia  the 
oil  and  resin,  and  pure  piperin  is  an  inactive  substaoce.f  There  are 
two  oils  of  pepper,  one  volatile  and  aromatic,  the  other  fixed  and 
pungent. 

9.  Dracine,  the  coloring  matter  of  the  baUam,  called  Dragau^s 
blood*  The  precipitate  from  the  alcoholic  solution  by  water  is  washed 
with  that  fluid,  acidulated  with  ^^^  of  sulphuric  acid  and  then  with  wft- 
ter  alone ;  the  dracine  is  of  a  fine  red  color ;  its  sulphate  is  made,  by 
adding  sulphuric  acid,  diluted  with  alcohol,  to  the  tincture  of  dracine; 
cold  water  and  a  litde  heat  precipitate  the  sulphate,  which,  after 
thorough  washing,  is  dissolved  in  hot  water ;  alkalies  redden  the  so- 
lution most  sensibly,  and  it  is  an  excellent  test  of  them  ;  acids  ren- 
der dracine  yellow ;  even  the  small  portion  of  carbonate  of  lime,  in 
the  filter,  wiU  redden  sulphate  of  dracine.| 

10.  PoLYCRoiTE,^  the  yeUow  coloring  matter  ofsaffron^  extracted 
by  alcohol ;  from  ^oXu^r,  many,  and  xp<^<^9  color,  on  account  of  the 
varied  colors  which  it  produces  with  acids,  blue  with  the  sulphuric, 
and  green  with  the  niu*ic. 

11.  HfMATiN,  the  coloring  matter  oflogwood^  Hamatoxylan 
Campechianumy  extracted  by  alcohol  from  Uie  inspissated  aqueous 
extract ;  the  tincture,  evaporated  and  then  diluted  with  water,  depos- 
its crystals  of  a  reddish  white,  brilliant,  when  seen  by  a  magnifier, 
acrid  and  bitter. 

Boiling  water  dissolves  them  and  forms  an  orange  yellow  solution.|| 
Away  from  the  air,  potassa  turns  it  blue,  but  oxygen  restores  the 
yellow ;  this  alkaline  solution  deprives  a  limited  portion  of  air  <^  its 
oxygen.ir 

12.  CoLOCTNTiNE,**  the  bitter  principle  of  the  colocynth^  extracted 
by  alcohol. 

13.  Rhein,  from  rhubarby  extracted  by  nitric  acid  and  also  by 
etiier ;  it  is  yellow,  has  little  odor,  and  is  slighdy  bitter ;  its  solu- 
tions in  ether,  alcohol  and  water,  are  reddened  by  alkalies,  and  made 
yellow  by  acids.f  f 


*  Mr.  Carpenter  obtained  them  in  larger  crystals,  from  solution  in  ether. 
t  See  Mr.  Carpenter's  memoir  for  the  medical  effects  of  piperin. 
t  Phil.  Mag.  and  Ann.  Vol.  ii.  p.  394,  and  Bib.  Univ.  Vol.  xi.  p.  167. 
§  Ann.  de  Ch.  etde  Ph.  Vol.  lxxx,  p.  188.    Jour,  de  Phar.  Vol.  vit,  p.  397. 
Thenard,VoI.  iv,p.  192. 

II  Ann.  de  Ch.  Vol.  Ixxxi,  p.  128,  and  Tbenard,  Vol.  iv,  p.  181. 

H  Eng.  Quart.  Jour,  Vol.  xx,  p.  389. 

**  Eng.  Quart.  Jour.  Vol.  xviii,  p.  400.    Jour,  dc  Pliar.  for  1824,  p.  416. 

ft  Ann.  de  Ch.  ct  de  Ph.  Vol.  xxxiv,  p.  190. 


VARIOUS  PRINCIPLES.  511 

14.  Zanthopicrit£,  frwa  the  hark  of  the  Zanthoosylum  of  the 

^  Antilles ;  extracted  by  alcohol  and  water,  and  by  evaporation,  silky, 

divergent  needle  crystals  fall ;  they  are  soluble  in  alcohol  and  water, 

but  not  in  ether ;  the  precipitate  by  solution  of  gold,  is  soluble  in 

alcohol  and  in  liquid  ammonia. 

15,.  Bassorin* — ^It  was  named ^owi  Bassora  in  the  East,  (See 
p.  396,  note,  of  this  volume.)  It  is  closely  allied  to  gum;  it  is  ex- 
tracted from  the  gum-re^ins  ;f  by  the  successive  action  of  water, 
alcohol,  and  ether,  in  all  of  which  it  is  insoluble,  but  it  swells  very 
much  in  water  and  becomes  buoyant ;  does  not  however  dissolve  in 
either  boiling  or  cold  water,  but  hot  water,  sharpened  by  nitric  or  mu- 
riatic acid,  dissolves  it  entirely.  From  the  concentrated  solution,  al- 
cohol throws  down  a  substance  which  has  all  the  properties  of  gum 
arabic,  and  amounts  to  about  yV  ^^  ^^  whole  of  the  bassorin. 

1 6.  PoLLENiN  J — this  is  the  pulverulent  substance  on  the  anthers  of 
fUmers;  that  of  the  date  seems  almost  animalized,  and  it  is  to  this 
principle,  between  albumen  and  gluten,  that  the  term  poUenin  has 
been  applied.  It  is  yellow,  tasteless,  and  inodorous ;  insoluble  in  wa- 
ter, alkalies,  alcohol,  or  oils.  In  the  air  it  putrefies,  smells  like  cheese, 
and  disengages  ammonia.  It  is  very  combustible ;  and  the  vivid 
flash,  produced  in  the  blaze  of  a  candle,  by  the  sporae  of  the  Lycopo- 
dium  clavacum,  is  well  known.^ 

17.  LuPULiN — the  yellow  powder  of  the  hop^  (Humulus  lupulus,) 
in  which  reside  the  bitter  principle,  the  aromatic  flavor,  and  the  chief 
medical  virtues  of  this  plant  ;||  it  contains  tannin,  extract,  a  bitter 

frinciple,  wax,  and  lignin.     Lupulin  is  found  in  all  parts  of  the  plant, 
ut  chiefly  in  the  female  flowers. 

18.  Medullin — the  pith  of  the  sun-flower,  Helianthus  annuus; 
it  is  insoluble  in  water,  ether,  alcohol,  and  oils ;  soluble  in  nitric  acid ; 
inodorous,  tasteless ;  by  destructive  distillation,  agbrds  ammonia  and 
bronze-colored  charcoal.lT 

19.  Sarcocoll,**  from  the  Penaa  SarcocoUa,  an  Ethiopian 
plant.f  f  It  greatly  resembles  liquorice ;  its  taste  is  sweet  and  bitter ; 
dissolves  in  alcohol  and  in  water ;  with  the  latter,  forms  a  mucilage 
which  may  be  used  as  a  paste  ;  it  is  precipitated  by  tannin,  while  gum 
is.  not. 


*  Bulletin  de  Ph&rm.  Vol.  iti,  p.  66.    Th6nard,  Vol.  iv,  p.  234,  6th  edition. 

t  Afisafaetida,  bdellium,  sagapenum,  eupliorbium,  &c. 

t  Thomson's  Annals,  Vol.  VII,  p.  49.     Ure.    Th6nard.    Henry. 

§  The  lycopodium  is  quite  a  distinct  substance  from  the  pollen  of  perfect  plants, 
beinj);  indeed  the  sporae  or  minute  seeds  of  the  fern. — j.  t. 

II  First  announced  by  Dr.  Ansel  Ives  of  New  York,  in  the  Am.  Jour.  Vol.  ii, 
page  802.  ' 

II  Thomson's  Chem.  Cooper's  Am.  ed.  Vol.  iv,  p.  146.        **  Id.  Vol.  iv,  p.  82. 

1 1  Sarcocoll  comes  also  from  Persia,  Turkey  and  India. 
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SbC*  XIX.^SpONTANIOV8   CHAIf«B8   IX  TBGBTAMJi   MATTO, 

Fermentation. — The  changes  to  which  vegetable  substances  are 
liable,  are  usually  classed  under  fertnentatjon  and  germination.  Under 
fermentation  we  distinguish  the  vinous,  producing  alcohol;  the  acetous, 
vmegar ;  and  the  putrefactive,  ending  in  decomposition  :  to  which, 
some  add  the  panary,  producing  bread,  and  lastly,  the  saccbarioe, 
generating  sugar.  The  latter  may  be  as  well  referred  to  the  geooal 
laws  of  vegetable  life,  since  it  relates  chiefly,  if  not  exclusively,  to 
die  conversion  of  starch  or  mucilage  into  sugar.*  The  cbemical 
changes  which  produce  germination,  and  which  relate  to  the  food  and 
growth  of  pUnts,  are  appropriate  subjects  of  vegetable  pfay^ologj, 
but  will  be  briefly  mentioned  in  the  sequel. 

I.  Panart  Fermentation. 

This  has  been  alreadv  mentioned  in  eonneaion  with  gluten^  aod  is 
now  named  again  for  the  purpose  of  giving  it  its  proper  arrange- 
ment, and  of  stating  some  additional  facts.  It  is  the  change  which 
the  farinaceoua  and  glutinous  substance  of  flour  undergoes  in  fonn- 
mg  bread. 

It  is  well  known,  that  carbonic  acid  gas  is  the  t^ent  in  raising  daugk, 
and  that  it  is  evolved  by  the  reaction  of  the  materials,  aided  by  tbe 
ferment.f 

It  was  formerly  supposed,  that  during  the  fermentation,  the  gluten 
and  farina  in  wheat  flour,  underwent  a  complete  change ;.  but  it  nowt 
appears,  that  aU  the  gluten  and  most  of  the  farina  remain  unchangeOj 
aoout  one  fourth  of  me  latter  being  converted  into  a  gummy  saccha- 
rine matter,  and  that  alcohol  is  also  produced,  at  the  expense  of  about 
five  per  cent  of  sugar,  contained  in  the  flour. 

Alcohol  has  been  obtained  by  heating,  in  a  distilling  apparatus, 
the  dough,  raised  byleaven,  without  yeast;  it  varied,  in  different  cases, 
from  one  to  five  per  cent,  and,  when  rectified  by  repeated  distiUa- 
tions,  it  burned,  and  kindled  gunpowder.^  Thus  it  appears,  that  the 
distinction,  between  the  panary  and  vinous  fermentation,  is  little  more 
than  verbal;  if  however,  the  fermentation  be  carried  too  far,  acetic 
acid  is  produced ;  the  bread  turns  sour,  and  the  quantity  of  alcohol 


*  See  Turner's  and  Th^nard*s  Chemistry. 

t  It  need  to  be  said  that  this  gas,  as  contained  in  natural  or  artificial  mineral  waters* 
will  produce  the  same  effect,  and  we  have  been  often  assured,  that  at  Saratoga  and 
Ballston  springs,  state  of  New  York,  they  occasionally  raise  their  bread  in  this  man- 
ner ;  but  it  is  now  denied  that  good  bread  can  be  produced  in  that  way ;  the  me- 
chanical raising  can  be  effected  oy  carbonate  of  ammonia  and  by  the  other  alkaline 
carbonates ;  but  tixe  best  bread  is  made  with  a  ferment,  and  thorough  kneading  is 
indispensable. 

t  Colquhoim,  in  Ann.  of  PhU.  Vol.  rii,  p.  161. 

§  Brewster's  Edin.  Jour.  Vol.  n,  p.  8<n,  Graham. 
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18  diminished ;  the  acidiQr  is  easUy  remedied  by  the  alkaline  carbon- 
ates, as  stated  p.  416  of  this  volume. 

When  the  panary  fermentation  has  ceased^  it  can  be  renewed  by  the 
addition  of  iugar^  at  the  expense  of  which  it  is  probable  that  the 
alcohol  is  formed,  and  most  of  the  carbonic  acid ;  a  part  of  the  lat- 
ter may  come  from  the  yeast,  which  contains  it,  or  from  the  other  fer- 
ments used  in  families.* 

II.  Vinous  Febmentation. 

This  process  is  familiar^  in  the  cases  of  beer,  cider,  perry,  wine, 
metheglin,  Szx;. 

1.  St^ar^  or  starch  whieh  easily  becomes  sugar,  ti^a^er,  a  tempera^ 
ture  of  00^  or  inore,f  and  some  sulstancefor  a  ferment j  are  necessary 

for  the  commencement  of  this  process. X  Yeast,§  which  is  the  froth 
of  strong  beer,  or  other  fermenting  alcoholic  fluids,  will  cause  fer- 
mentation in  a  solution  of  four  or  five  parts  of  sugar,  with  20  of 
water;  carbonic  acid  gas  will  be  disengaged,  and  the  intestine  motion 
which  it  produces,  having  ceased,  the  impurities  will  subside  or  float, 
and  farther  change  will  be  arrested  or  proceed  afterwards  more  tar- 
dily. A  solution  of  pure  sugar,  without  a  ferment,  is  more  prone  to 
become  sour  than  to  form  spirit. 

2.  Many  naturcd  juices,  containing  sugar,  mucilage,  acids,  be. 
fermentf  spontaneously,  without  yeast,  and  are  supposed  to  owe  it  to 

gluten  contained  in  them. 

3.  The  malting  of  barley  consists  in  a  commencement  ofgermina^ 
turn  ;  it  is  soaked  in  water,  and  spread  on  a  floor ;  the  radicle  shoots 
downward  and  the  plumula  upward ;  the  change  is  arrested  by  heat, 
and  the  barley  is  now  saccharine,  rather  tharf  farinaceous ;  its  in- 
fusion in  water,  qualified  by  the  bitter  of  the  hop  or  of  its  lupulin, 
produces  alcohol,  by  fermentation,  and  this  is  blended  with  sugar, 
mucilage,  and  other  principles ;  beer  is  therefore  more  prone  to  be* 
come  sour  than  wine. 

4.  It  is  not  indispensable,  that  farinaceous  substances  should  he^ 
before  hand,  converted  into  sugar,  in  order  to  produce  alcohol;  raw 


*  Dr.  Colquhoan'f  elaborate  and  iostnictive  eisay,  already  cited»  may  be  con* 
flulted  for  many  important  practical  and  scientific  views. 

f  The  process  is  not  rigorously  confined  to  a  particular  temperature ;  it  cannot  go 
OD  below  S2<>  F. ;  it  proceeds  slowly  at  SO^,  moderately  at  00*^,  rapidly  at  70^,  too 
rapidly  at  80^. 

t  First  accurately  examined  by  Lavoisier,  see  bis  Elements  of  Chemistry. 

§  Yeast  consists  of  carbon,  hydrogen,  oxygen,  and  nitrogen,  and  a  white  deposit 
collects  after  fermentation,  which  resembles  gluten,  putrefies  like  it,  and  aflfords  am- 
monia by  destructive  distillation ;  dried  yeast  will  produce  fermentation  when  ap- 
plied to  a  saccharine  fluid.  Gluten  mixed  with  tartar,  will  act  as  a  ferment,  and  so 
will  soft  cheese,  fibrin,  dried  albumen,  &c.  Dr.  Hare  states  that  ttVt  pairt  of 
yeast  is,  when  properly  managed,  sufficient  to  set  fermentation  a  going. 

Vol.  II.  65 
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grain  can  be  made  to  ferment^  and  unmalted  graia  is  added,  often  in 
Targe  quantities,  to  that  which  is  malted,  for  the  production  of  alco- 
hol 5  potatoes  afford  it  readily  without  previous  germination.* 

5.  The  presence  of  the  air  is  not  necessary  to  the  continuance  of  the 
vinovs  fermentation^  as  it  will  proceed  equally  well  without  it  ;t  still, 
at  least  in  the  juice  of  the  grape,  some  action  of  tlie  air  seems  neces- 
sary ;|  the  bottled  juice,  kept  tight  and  cold,  does  not  ferment,  nor 
do  crushed  raisins  placed  in  a  close  glass  over  mercury,  but  a  single 
bubble  of  oxygen  gas  will  cause  the  fermentation  to  begin. 

The  change  in  the  vinous  fermentation  consists  in  the  conversion 
of  sugar  or  fecula  into  carbonic  acid  and  alcohol ;  it  is  supposed, 
however,  that  the  fecula  may  become  sugar  in  the  process. 

6.  Fermented  fluids  that  are  agreeable  to  the  taste^  still  conim 
sugar  unchanged,  and  also  acids  and  mucilage,  and  frequently,  carbo- 
nic acid. 

Most  of  the  acidulous  matter  of  the  wines  of  warm  climates  is  bi- 
tartrate  of  potassa,  which,*  being  insoluble  in  alcohol,  is  chiefly  precip- 
itated in  the  course  of  the  fermentation.  There  is  also  in  the  juice 
of  the  grape,  tannin,  mucilage,  tartrate  of  lime,  common  salt  and 
coloring  matter,  blue  or  yellow ;  the  tannin,  by  combining  with  the  gela- 
tine and  albumen  of  glue  and  whites  of  eggs,  enables  them  to  clarify 
wine,  by  entangling  the  foreign  substances.  The  wines  from  the  currant 
and  gooseberry,  contain  free  acids,  the  citric  and  malic,  which  are  so- 
luble in  both  water  and  alcohol ;  they  therefore  remain  acid,  unless 
highly  qualified  by  sugar,  and  even  this  is,  in  time,  decomposed  to  af- 
ford more  alcohol,  and  thus  the  acids  again  prevail  and  the  wine  is 
sour.  Fermentation  is  prevented,  by  impregnating  the  must  with 
sulphurous  acid  gas  or  with  a  sulphite.<^ 

7.  Since  intoxication  is  so  readily  induced  by  fermented  fluids 
it  appears  singular  that  the  question  should  have  been  raised^H 
whether  alcohol  is  produced  by  fermentation^  or  whether  it  is  for^ 
ed  during  distillation.  It  has  however  been  decided  by  the  ex- 
periments of  Mr.  Brandeir  and  (Jay-Lussac,  that  the  spirit  exists 
previous  to  distillation.     The  former  withdrew  the  acids  and  color- 


•  Clement,  Ann.  dc  Chim.  et  de  Phys.  Vol.  v,  p.  422. 

t  Still,  vef^etable  juices,  heated  to  the  boiling  point  and  then  corked,  will  renfiD 
unfermented  ;  this  is  the  fact  with  the  must  or  juice  of  the  giape ;  goosetMiry  juice 
sweetened,  bottled,  and  placed  for  half  an  hour  in  a  water  bath,  wlU  preserve  the 
peculiar  flavor  of  the  fruit,  but,  if  the  fresh  juice  is  exposed,  for  only  a  lew  minutes* 
to  the  air,  it  abwrbs  oxygen  and  fermentation  begins.  . 

X  Perhaps  to  oxygenize  a  kind  of  vegeto- animal  matter  contained  in  the  juice,  and 
thus  to  convert  it  into  a  ferment,  suppssed  to  be  analogous  to  yeast  ^  . 

§  It  is  common  in  this  country,  to  impregnate  cider  barrels  in  that  manner,  (vo** 
I,  p.  817,  d,)  ;  it  is  supposed  that  such  substances  act  by  abstracting  oxygen;  proba- 
bly also  as  antiseptics. 

II  By  Fabroni.  %  Philosophical  Trans.  1811  and  18. 
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ing  matter  by  sub-acetate  of  lead,*  and  the  water  by  sub-carbonate 
of  potassa,  when  the  alcohol  floated,  in  quantity  about  the  same  as 
when  it  is  obtained  by  distillation.  The  latter  used  powdered  litharge 
instead  of  acetate  of  lead,  and  shewed,  by  obtaining  alcohol  by  a  dis- 
tillation at  59^  F.  in  vacuo,  that  it  existed  ready  formed  in  wine  and 
other  similar  fluids. 

Mr.  Brande  constructed  a  table  of  the  proportion  of  alcohol  in 
many  different  kinds  of  wine  and  other  liquors,  from  which  the  fol- 
lowing is  compiled. 


Prop. 

of  Spirit, 

Prop,  of  Spirit, 

Wines,  &c.           per  cent 

by  Meas. 

Wines,  &c.             per  cent,  by  Meas. 

Lissa,  average  of  two, 

25.41 

Burgundy,  average  of  four,  14.57 

Raisins,   do.  three. 

25.12 

Hock,           do.       three 

,  12.08 

Marsala,  do.   two, 

25.09 

Champagne,  do.         four. 
Red  Hermilage, 

12.61 

Port,  highest. 

25.83 

12.32 

lowest. 

19.00 

Vin  de  Grave,  average  two 

,13.37 

average  of  seven. 

22.96 

Frontignac, 

12.79 

Madeira,  highest, 

24.42 

Gooseberry, 

11,84 

lowest. 

19.24 

Orange,  average  of  six. 

11.26 

average  of  four, 

22.27 

Cider,  highest, 

9.87 

Currant, 

20.55 

lowest, 

5.21 

Sherry,  average  of  four. 

19.17 

Perry,  average  of  four, 

7.26 

Teneriffe, 

19.79 

Mead, 

7.32 

Lisbon  and  Malaga, 

18.94 

Ale,  Burton, 

8.88 

Red  Madeira,  average  of 

Edinb. 

6.20 

two. 

20.35 

Dorchester, 

5,56 

Cape    do.         do.  three, 

20.51 

Brown  stout, 

6.80 

Vidonia, 

19.25 

London  porter,  average. 

4.20 

Malaga, 

17.26 

Small  Beer,        do. 

1.28 

Claret,  highest, 

17.11 

Brandy, 

53.39 

lowest. 

12,91 

Rum, 

53.68 

average  of  four. 

15.10 

Gin, 

51.60 

Malmsey  Madeira, 

16.40 

Scotch  whiskey. 

54.32 

Sauteme, 

14.22 

Irish         do. 

53.90 

8.  As  the  intoxicating  effects  of  wine  appear  to  be  much  less^  in  pro- 
portion to  the  alcohol  it  contains,  than  those  of  distilled  spirit,  it  is 
probable  that  the  difference  arises  from  the  blending  of  the  spirit  with 
other  principles  present  in  wines,  such  as  sugar,  mucilage,  coloring 
matter,  be. 

The  strongest  wines  appear  to  contain  nearly  half  as  much  alcohol 
as  proof  spirit,  but  to  such  wines  alcohol  is  always  added,  before  they 
reach  the  consumer,  while  the  natural  wines,  such  as  those  of  Bur- 
gundy, Champaigne,  Frontignac,  &c.  contain  not  more  than  half  as 
much. 


*  Goulard's  extract 
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9.  It  is  well  known  that  the  principal  lands  inspirit  in  i 
obtained  from  varioui  iub$tance$j  and  among  tbero  are  the  fcAiomiDg; 
brandy,  from  wine ;  rum,  from  molasses,  diluted  and  mixed  wnii 
yeast ;  gin,  from  rye,  and  its  flavor  is  owing  to  the  Toladle  oil  of  die 
juniper  berry ;  whiskey,  from  rye,  wheat  and  beer;  apple  brand j,  from 
cider,  be.  A  spirituous  fluid  can  be  obtained  from  all  fruits  and  from 
all  saccharine  juices ;  even  milk  aflbrds  tlie  koumiss*  to  the  Tartars; 
alcohol  is  made  from  the  juice  of  the  sugar  maple,  from  carrots  and 
parsnips,  be.  All  the  fermented  undistilled  fluids  that  produce  bh 
toxication,  owe  this  eflfect  to  one  and  the  same  agent,  variously  di- 
luted and  qualifled  by  other  principles. 

10.  It  is  not  necessary  to  descnhe  the  common  process  of  distiUa' 
tion;^  its  principle  has  been  stated  at  p.  86,  Vol.  I.  It  is  obvious, 
that  bottled  liquors  derive  their  superiority  from  the  slow  fermem- 
tation  which  they  undergo.  If  they  are  botded  too  soon,  that  is, 
before  the  first  rapid  fermentation  is  finished,  the  bottles  explode ;  if 
when  that  has  subsided,  the  liquor  is  still  saccharine,  and  the  fermenta- 
tion will  proceed  slowly  after  the  bottling ;  more  alcohol  and  carbonic 
acid  will  be  formed ;  the  latter,  if  the  vessel  is  tight,  is  retained, 
and  combines  with  the  fluid  and  water,  but  produces  a  pressure 
somedmes  too  great  for  the  strength  of  the  bottle,  and  if  not,  it  causes 
the  liquor  to  fly  when  the  cork  is  drawn,  and  thus  it  becomes  both 
grateful  and  salutary.  If  there  is  not  saccharine  matter  enough  to 
supply  this  second  fermentation,  the  fluid  becomes  acid  and  is  unpal- 
atable. Cider,|  ale,  porter  and  common  beer,  are  familiar  doraestie 
examples.  Currants  and  gooseberries  do  not  contain  sugar  enough 
to  make  a  good  wine,  end  it  is  therefore  added  to  them. 

ALCOHOL. 

I.  HisTOBY. — Known,  in  the  fermented  fluids,  from  ihe  remotest 
anUquity ;  first  distilled  as  is  said,  by  an  Arabian  chemist,  about 
nine  hundred^  years  ago;  by  others  it  is  said  to  have  been  discovered 
by  Arnold  de  Viilenue  at  Montpelier,  early  in  the  14tb  century.]] 

11.  Process. 

!•  By  repeated  distillations^  sometimes  three  or  four  m  suc- 
cession, of  any  of  the  spiritous  liquors  of  commerce,  drawing  ofi* 
each  time  i  or  § ;  it  is  called  rectified  spirit,  and  is  good  enough  for 
common  purposes ;  its  sp.  gr.  will  be  .635  or  .840,  water  at  60^ 
being  UOOO ;  tlie  best  that  can  be  obtained  by  simple  distillation  is 
no  lighter  than  ,825. 

*  The  koumist  is  made  from  mare's  milk, sec  Aikin's  Diet.  YoK  ii,  p.  103. 

\  The  first  product  of  the  dii^tilLition  of  wine  i^  called  brandy,  (eau  de  vie,}  the 
second,  containiofc  more  alcohol,  is  called  spirit ;  when  it  has,  at  least,  85  per  cent 
ft  is  called  spirit  of  wine  or  alcohol. 

;  Apple  Juice  coutainii  mucilage,  malic  and  acetic  acids,  hut  no  tartar. 

iProf.  Mu8scy*s  discourse  before  tlie  Medical  Society  of  New  Hampshire. 
Thcnard, 
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2.  Byabttraeting  the  water  from  reet^ied  spirit. 

(a.)  Bif  carbonate  of  potassa  (pearlashes,)  previously  ignited  and 
adaed  while  dry. 

(6.)  By  ignited  muriate  of  lime*  in  powder,  by  dry  quicklime^  or 
harytay\  or  alumina ;  the  alcobol  forms  a  stratum  over  these  sub- 
stances, which,  while  water  remains^  are  either  dissolved  or  moisten- 
ed ;  the  alcohol  is  drawn  off  by  a  syphon,  and  more  of  the  substance 
is  added  to  attract  the  water  tiU  it  is  no  longer  moistened,  and  then 
the  imirit  is  distilled. 

(c.)  Potatsay  dissolved  in  alcoholj  brings  it  to  a  high  state  ;  I  have 
been  accustomed  to  distil  off  about  J  or  §  in  a  glass  retort  or  receiver, 
and  then  to  dissipate  the  rest  m  a  silver  basin.;]:' 

3.  By  exudation  and  evaporation. 

(a.)  Alcohol  sp.  gr.  .867,  being  placed  in  a  bladder  and  exposed 
to  the  air  over  a  sand  bath,  the  water  will  exude  and  evaporate  until 
the  alcohol  becomes  of  the  sp.  gr.  .817 ;  but  it  does  liot  appear  that 
very  good  alcohol  is  improved  in  this  way.§ 

(6.)  By  evaporation  and  absorption  of  the  water  in  a  vacuum. 
Over  a  large  shallow  basin  covered  with  quick  lime,  is  placed  another, 
containing  3  or  4  ounces  of  common  alcohol ;  they  are  covered  with 
a  low  receiver  on  the  plate  of  an  air  pump,  and  a  vacuum  is  formed 
till  the  alcohol  begms  to  boil;  the  vapor  of  the  water  will  alcme  be 
absorbed  by  the  lime,  and  the  water  will  continue  to  evaporate,  until 
in  about  five  days  it  will  be  all  removed.  || 

The  most  useful  of  the  above  processes,  are  those  under  3,  a,  6  andc.^ 

UI.  Properties. 

(a.)  Lighter,  in  proportion  as  it  is  better;  as  already  remarked, 
the  best,  obtained  by  repeated  distillation,  is  of  the  sp.  gr.  .825 ;  that 
from  substances  attracting  water,  is  sometimes  as  high  as  .796  or 
.792  at  60^  F. ;  if  of  sp.  gr.  .917,  it  contains  equal  weights  of  alco- 
hol sp.  gr.  .796  and  water. — h.  Proof  spirit  (usually  half  and  half 
by  volume,)  is  about  .920,  but  there  is  much  uncertainty  in  the  lan- 
guage of  commerce  on  this  subject,  as  the  sp.  gr.  of  the  alcohol  is 
not  always  specified.** 

(J.)  Alcohol,  supposed  to  be  entirely  deprived  of  water,  is  called 
absolute  alcohol;  in  proportion  as  it  contains  more  water  it  is  heavi- 
er, and  thus  its  specific  gravity  becomes  a  test  of  its  strength;  it  is 

*  Muriate  of  lime,  after  the  second  application,  is  liable  to  form  some  ether. 

t  If  baryta  remains  dry  in  alcohol,  it  is  free  from  water;  otherwise  it  wiU  slack 
and  fall  to  powder.  t  Vol.  I,  p.  240. 

§  Eng.  Jour,  of  Science,  Vol.  vii,  p.  881,  and  Vol.  xviii,  p.  180. 

II  Edin.  PhiIo.<;.  Trans.  1823,  and  h.  and  t.  As  the  alcohol  is  kept  down  by  its 
own  vapor  and  the  water  is  not  thus  rcpreHscd,  iliis  fact  favor*  strongly,  Mr.  Dal- 
ton's  view  of  the  indifference  of  most  gases  and  vapors  to  each  other. 

IT  A  rough  judgment  is  formed  of  the  goodness  of  alcohol  by  burning  it  on  a  cotton 
rag  or  on  gunpowder,  botli  of  which  it  should  inflame. 

•*  Sec  Dr.  J.  W.  Webster's  Manual,  p.  538,.Note. 
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above  proof  when  it  is  lighter  than  .920,  as  h  then  contiiiffMi'nioretbi 
half  alcoliol,  and  the  reverse  is,  of  course,  true.  It  is  oft^i  intend- 
ing to  the  revenue  of  various  countries,  to  know  the  proportioD  dir 
cobol  in  spirit,  whose  density  is  ascertained  by  the  hydrometer*  or 
gravimeter,  and  copious  tables  have  been  compiled  for  this  puquse^f 

It  will  be  sufficient  to  mention,  in  this  place,  a  few  examples;  pne 
alcohol  at  60^  F.  is  of  sp.  gr.  .796,  pure  water  being  1.000;  that  of 
.820,  has  9  per  cent  of  water;  of  .830,  13;  of  .840,  17;  of  .851, 
21 ;  of  .860,  25 ;  of  .870,  29 ;  of  .880,  34  ;  of  .891,  38 ;  of  .9(H 
42;  of  .920,  51 ;  of  .941,  61 ;  of  .951,  66;  of  .970,  77. 

(c.)  Alcohol  is  a  non  conductor  of  dectrieity;  it  is  epl^nieujtrmh 
parent  J  very  odorous  and  penetrating  ;  higluy  exciting  and  iUoar 
eating  ;  produces  cold  by  its  evaporation^  as  may  be  seen  by  wetting 
a  thermometer  bail  with  alcohol,  and  waving  it  in  the  air. 

{d.)  Volatile;  whenofsp.gr.  .820,  \ibo'ds  at  176^  F-;  inM» 
at  56°;  if  of  sp.  gr.  .800,  it  boils  at  173.50 ;  if  .900,  at  182°; 
if  .850,  at  170° ;  the  boiling  pointy  therefore,  varies  with  the  propv- 
tion  of  water  J  but  not  regularly  ;§  when  agitated  with  air,  the  bub- 
bles rise  and  break  more  quickly  as  the  alcohol  is  better. 

(e.)  It  readily  unites  with  water  but  unth  no  sensible  changt  «f 
properties;  the  mean  sp.  er.  is  increased,  the  volume  dimioisbed, 
ana  heat  is  evolved.  1  vcm.  of  alcohol,  +  1  of  water  at  50^,  rise 
20^,  in  temp,  and  proof  spirit  and  water,  9i^.-^H. 

(jr.)  Very  expansible  by  heat ;  its  expansion  increases  as  the  beat 
rises,  but  not  very  eaually,  especially  as  we  approach  the  boSiog 
pomt ;  alcohol  is  therefore  less  accurate  in  thermometers  than  iDe^ 
cuiy. 

(^.)  It  is  used  in  thermometers^  especiallv  to  measure  intenu  M, 
as  It  has  never  been  frozen  ;||  in  Mr.  Walker's  experiments  widi 
freezing  mixtures,  it  remained  fluid  at  9P  below  0,  and  when  K 
contains  half  water  it  requires  6^  below  0  for  its  congelation.lT 

*  For  the  varieties  of  these  instniments,  see  the  hooks  od  Dsttinl  phikHop^T- 
See  also  Dr.  Hare's  Compendium,  p.  86.  A  delicate  vial  with  a  narrow  neck,  m 
the  capacity  of  1000  grs.  of  diitiiled  water  at  60^,  reckooing  to  a  mark  or  scratch  oa 
the  neck,  answers  every  purpose ;  the  absolute  is  the  specific  weight,  and  calcau* 
tioiis  are  unnecessary.  ,  . 

t  See  Phil.  Trans.  1794,  Nich's  Jour.  4to.  ^ol.  i,  Henry,  Vol.  u,  p.  5T04,  UA 
edition,  and  Ure*s  Diet.  3d  London  edition,  p.  122. 

§  Ann.  Philos.  N.  S.  Vol.  v.  p.  818.  ||  Vol.  i,  p.  59. 

H  The  claim  of  Mr.  Hutton,  of  Edinburgh,  as  regards  the  congelation  of  alcoW 
has  never  been  admitted,  because  his  process  has  never  been  published.^Nichol- 
son's  Jour.  Vol.  xxxiv,  p.  165.  The  late  Dr.  Murray,  appeared  at  the  time,  to  h»ve 
believed  the  fact,  (letter  to  the  Author ;)  but  his  son  treats  it  as  doubtful  iu  (he  flxtb 
edition  of  his  father's  Elemento,  Vol.  W,  p.  654.  Mr.  Button  stated  that  when  it  froze. 
it  shewed  three  distinct  strata.  The  first  thin,  yellowiiih  green,  and  having  a  nauw- 
ous  smell  and  taste;  the  second  also,  thin  resembling  the  other,  but  agreeab/e  »oa. 
penetrating ;  the  third  much  thicker,  transparent,  insipid,  fuming,  and  with  a  slroog 
penetrating  odor ;  thiii  last  he  supposed  to  be  the  pure  alcohol,  and  the  rest  foreiga 
matter. 


^         I 
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(A.)  The  latent  heat  of  the  vapor  of  alcohol  is  not  quite  half  that 
of  steam;*  the  density  of  the  vapor  of  pure  alcohol  is  1.163,  air 
being  l.f 

(i.)  V'ery  inflammable  ;f  kindles  at  300°,  and  bums  without  smoke 
or  residuum  ;  a  spirit  lamp  is  of  great  utility  in  the  laboratory,  and  an 
elegant  source  of  heat  in  the  parlor ;  the  flame,  directed  by  a  stream 
of  oxygen  gas  upon  lime  or  chalk,  gives  a  most  intense  light,  and  is 
now  used  for  light  house  and  night  signals ;  it  is  safd  that  it  will  cast 
a  shadow  for  many  miles ;  the  Tight  is  pale  when  the  flame  burns 
merely  in  the  air;  strong  alcohol  is  tinged  bliie,  and  weaker  alcohol, 
yellow ;  its  flame  is  colored  red  by  salts  of  strontia  and  of  lime,^ 
green  by  cupreous  salts  and  by  boracic  acid,  be. 

(y.)  The  products  of  the  combustion  are^  exclusively j  water  and 
carbonic  acid  gas^  as  may  be  observed  by  burning  a  jet  of  its  vapor 
in  a  glass  tube  or  in  a  bottle  ;||  the  water  alone  exceeds  the  weight 
of  the  alcohol  in  the  proportion  of  136  to  100,  because  it  obtains 
oxygen  from  the  air ;  it  may  be  inflamed  by  the  electric  spark,  and 
oxygen  gas,  charged  with  its  vapor,  detonates  by  the  same  agent. 

(/r.)  It  is,  after  water,  the  most  general  solvent.  It  dissolves  cam- 
phor, manna,  balsams,  resins,  sugar,,  soap,  volatile  oils ;  several  veg- 
etable acids,  as  the  oxalic,  tartaric,  gallic,  camphoric  and  benzoic ; 
castor  oil,  but  not  the  fixed  oils  generally ;  iodine ;  sulphur ;  the 
caustic  alkalies,  but  not  their  carbonates,  nor  the  pure  earths,  nor 
metallic  oxides;  the  vegetable  alkalies;  the  deliquescent  salts  gen- 
erally,ir  but  not  the  efflorescent  salts,  nor  those  that  are  insoluble  or 
sparingly  soluble  in  water. — h.  and  t. 

ih)  Among  the  salts  that  are  most  soluble  in  alcohol  are  the  al^ 
ine  and  earthy  muriates^  and  some  of  the  nitrates;  240  grs. 
of  boiling  alcohol**  dissolve  17  of  muriate  of  ammonia ;  288  of  mu- 
riate of  lime ;  1313  of  muriate  of  magnesia  ;tt  240  of  nitrate  of  alu- 
mina; 214  of  nitrate  of  ammonia;  388  of  nitrate  of  lime;  694  of 
nitrate  of  magnesia ;  but  the  nitrate  of  polassa  is  dissolved,  only  in 
the  proportion  of  5  parts,  and  the  nitrate  of  soda  of  23.  The  dis- 
solving powers  of  alcohol  are  mentioned  in  the  preceding  history  of 
the  particular  bodies,  and  reference  may  be  had  to  the  metals  for  the 
solubility  of  the  metallic  salts ;  corrosive  sublimate  is  very  soluble. 

(m.)  It  remains  to  be  added,  that  alcohol  forms  definite  crystalline 
compounds^  as  water  does;  they  are  caUed  alcohates\  as  the  other  are 

*  Vol.  i,  p.  87.  t  Ann.  de  Ch.  et  de  Pb.  Vol.  zy»  p.  896. 

X  A  coil  of  fine  platinum  wire  remains  if^ited  in  the  vapor  of  alcohol.  See  the 
nme  fact  mentioned  under  ether,  (I.)  §  Am.  Jour.  Vd.  xviu,  p.  261. 

II  The  vapor  will  be  condenaed  in  the  tube,  and  lime  water  will  detect  Uie  car- 
bonic acid  in  the  bottle.  IT  Carbonate  of  potaan  excepted. 

**  Wenzel's  Uble,  quoted  by  Henry ;  the  apedfic  gravity  of  the  alcohol  la  not 
mantioned. 

ft  Muriate  of  potasaa  ia  slightly  soluble,  and  even*  according  to  Mr.  Cheneviz, 
muriate  of 'soda. 
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hydrates.  Anhfdrons  alcohol  is  heated  wUk  the  ankfdmu  bam* 
and^  on  coolings  the  aleohatet  crysi4iUize^  more  or  less  di$UDC%: 
they  are  deKquesceot,  and  of  course  soluble  both  in  water  aod  in  ai- 
cobol.  Taking  23  for  the  equivalent  of  alcdiol,  the  salts  namai 
below,  unite  respecdvetyy  with  the  number  of  equivaleDts  of  alcohol 
denoted  by  the  numbers  following  their  names.  The  muriates  (diio- 
rides)  of  Ume  (3.5),  manganese  (3.5),  and  sine  (.5),  aad  the  nitrates 
of  lime  (2.5),  magnesia  (9.),  all  these  have  been  proiyed  to  Satm 
alcohates.  The  crystals  are  soft  and  easily  suffer  the  alcobofic  h- 
sion,  analogous  to  the  aqueous,  of  common  crystals ;  in  some  of  the 
alcohates,  the  spirit  is  not  expelled  by  a  heat  of  4  or  500^  F.f 

(ft.)  ^koholj  by  uniting  unth  the  water^  prec^ntates  seme  ssiU 
from  their  aqueous  solutions;  the  sulphates  and  most  of  the  nitrates 
are  conspicuous  examples,  especially  in  concentrated  solutioDs;  re- 
pose and  heat  are  in  some  cases  necessary  to  the  effect;  those  sahs 
that  are  very  soluble  in  alcohol  are  not  precipitated  by  it. 

(o.)  Alcohol  ii  a  poweffid  antiseptic;  hence  its  utility  in  museums, 
and  anatomical  collections,  and  in  preserving  organic  matter  general- 
ly from  putrefaction. 

(p,)  Decomposed,  by  being  passed,  in  vapor,  through  an  ignitei 
tube;  products,  carbonic  oxide  and  carburetted  hydrogen  gas ;  char- 
coal lines  the  tube ;  3  oz.  of  alcohol  produce  10  cubic  feet  of  g^ 

IV.  Composition. 

(a.)  Alcohol,  consists  of  carbon,  oxi^en\  and  hydrogen.  As 
potassium  and  sodium,  when  placed  in  alcohol,  become  alkalies  and 
evolve  hydrogen  gas,  it  is  obvious  that  the  elements  of  water  exist 
in  this  fluid. 


f&.)  Proportions, 
Ci  * 


::arbon,    12  =:2  equiv.  ^  C  52. 1 7 

Oxygen,     8=1  >  =23  its  equiv.;  per  cenu§<  34.79 

Hydrogen,  3=3  )  (  13.04 

In  strictness,  nothbg  more  is  necessary  to  be  stated,  to  elucidate  the 
composition  of  alcohol,  but  it  not  unfrequently  results,  from  the  beau- 
tiful doctrine  of  definite  proportions,  that  principles  may  be  assorted 
and  supposed  to  be  combined,  in  various  ways,  so  as  to  present  differ- 
ent proximate  arrangements,  with  the  same  general  result. 


*  The  presenee  of  a  very  little  water  will  prevent  the  crystallization. 

t  Graham,  in  Eng.  Quart.  Jour.  N.  S.  Dec.  1828. 

t  See  Vol.  I.  p.  S49,  (/.).  and  p.  2S4,  0'.) 

I  Sauawre,  Niofaolaon's  Journal,  xxi,  or  Ann.  de  Ch.  Izxxiz ;  his  alcohol  had,  at 
62^  F.  the  ap.  pr.  0.8802;  the  numbers  obtained  by  analyria  were  61.98,  34.32  and 
13.70,  which  are  aa  near  aa  could  be  expected  to  those  corresponding  with  the  equiv- 
alenta.'  Dr.  Ure  gives  carbon  3  equiv.  -jr  oxygen  2  -f-  hydrogen  6;  per  cent  car- 
bon 46.16,  hydrogen  12.82,  oxygen  40.08.— Diet.  p.  126,  3d  English  ed. 
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{e.\  Thus  the  2  equiv.  of  carbon,  1  of  oxygen  and  3  of  hydro- 
gen, in  alcohol,  may  be  arranged  as  follows;  2  equiv.  of  carbon +2 
of  hydrogen  =  1  of  olefiant  gas=  14,  its  equiv.)*  and  1  of  oxygen 
+  1  of  hydrogen -s^l  of  water,  9+14=23  equiv.  of  alcohol;  and 
alcohol  may  therefore  be  composed  of  olefiant  gas  and  water. 

The  proportions,- by  volume,  are  obtained  thus;  the  equiv.  of  ole- 
fiant gas  14-H).972  (sp.  gr.  of  olefiant  gas)  =  the  volume  of  olefiant 
gas ;  water  9-H).625f  (sp.  gr.  of  aqueous  vapor)  =  the  volume  of 
watery  vapor;  and  if,  instead  of- 14  and  9,  we  take  100  and  64^29, 
(numbers  in  the  same  proportion,)  the  quotients  will  be,  for  the  gas 
102.75;  for  the  vapor  102.86;  we  may  therefore  conclude  that  the 
volumes  are  equal;  if  the  two  volumes  are  condensed  into  one,  then 
the  specific  graviQr  of  the  vapor  will  be  0.972+0.625=5  1*597,  and 
this  approximates  so  nearly  to  the  result  of  experiment  by  Gay-Lus- 
sac,  i.  e.  1.613  for  the  sp.  gr.  of  the  vapor  of  alcohol,  that  it  leaves 
no  room  for  reasonable  doubt|  that  it  has  the  constitution  indicated 
by  that  eminent  chemist. 

V.  Uses — ^dangers. 

(a.)  The  utility  of  alcohol  is  manifut  from  its  numerous  applica* 
turns  in  the  arts^  in  science  and  in  medicine;  as  a  medicine,  it  should 
however  be  administered  onl^  in  the  smallest  efficient  doses,  and 
stopped  as  soon  as  the  object  is  attained. 

(6.)  As  proof  spirit,  in  considerable  doses,§  kills,  and  absolute  al- 
cohol kills,  in  small,  it  is  improper  as  a  continued  diluent  or  re* 
freshing  drink.  When  used  in  this  manner,  and  in  increased  quan- 
tiQr,  it  subverts  the  physical  powers,  and  induces  ultimate  ruin  of  all 
the  faculties. 

(c.)  As  it  exists  in  the  natural  fermented  fluids^  in  small  propor- 
tion, combined  or  blended  with  much  water,  with  sugar,  mucilage, 
acids,  tannin,  coloring  matter,  salts,  and  often  with  carbonic  acid,  it  is 
greatly  mitigated  in  power  and  modified  in  character;  such  fluids^  in 
moderate  quantity^  and  containing  no  more  alcohol  than  is  gener^ 
ated  in  them  by  their  ovm  fermentation^W  are  grateful  and  often  usC" 
fid  refireshmentsj  but,  to  persons  in  health,  especially  in  youth,  they 


•  Vol.  I.  p.  404,  (6.) 

t  Quoted  in  Vol.  I,  p.  88,  as  0.623;  the  variatioo  will  not  appreciably  inflaence 
the  result. 

t  As  there  is  still  some  disagreement  as  to  the  exact  composition  of  sug^r,  I  have 
not  introduced  Gay-Lussac's  comparison  between  it  and  the  alcohol  aud  carbonic 
acid,  resulting  from  vinification ;  there  can  however  be  no  doubt  that  the  sugar  or 
the  farina  which  disappears  is  adequate  to  the  formation  of  the  alcohol  and  of  the 
carbonic  add.    See  Ann.  de  Chim.  Vol.  xcv,  p.  811.    See  also  H.  T.  and  M. 

&  Mr.  Brodie,  Phil.  Trans,  for  1811,  p.  178. 

|]  The  alcoholized  wines  may  be  useful  in  certain  states  of  health  and  at  certain 
periods  of  life ;  in  general,  however,  their  vse  should  be  only  occasional  and  tem- 
porary. 

Vol.  n.  66 
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are  not  neeeuary;  their  excessiTe  and  continued  use,  indoees,  at  a 
later  period,  the  same  consequences  as  those  produced  bj  alcobd. 

BTUER. 

Remarks. — Our  elementary  ideas  an  this  subject  are  derived  fim 
sulphuric  ether,  which  is  familiariy  known. 

The  ethers  are  volatile,  odorous  and  inflammable  fluids,  produced 
between  alcohol  and  various  acids;  their  number  is  now  considenUef 
and  they  are  divided^  in  consequence  of  modem  discoveries,  mi/o  iknt 
classes^  as  follows: 

Class  I. — Ethers  composed  of  Oxtoen,  CABBOif  and  Ht- 
DROGEN ;  they  do  not  contain  any  portion  of  the  acid  tchich  forms  (tea, 
and  the  elements  are  so  combined  as  to  form  water  and  olejiantgat. 

1.  Sulphuric  Ether. — ^This  is  by  far  the  most  important 

I.  HiSTOBY.-^Discovtred  in  the  sixteenth  century;  it  is  meotioDed 
in  the  Pharmacopceia  of  Valerius  Cordus,  published  at  Nurerob«5 
in  1540;  but  its  properties  have  been  particularly  studied  only  duiio; 
the  last  century,* 

II.  Preparation. 

(a.)  Rectified  alcohol  and  strong  sulphuric  acid,  equal  vfcigib; 
place  the  alcohol  in  a  large  tubulated  glass  retort,  held  over  a  bowl;f 
add  the  acid  by  degrees,  with  intermediate  and  careful  agitation,  pour- 
ing it  through  the  tubulure  or  through  a  retort  funnel ;  much  best  s  | 
evolved ;  the  fluid  turns  brown  and  the  ethereal  odor  is  instantly  per-   > 
ceived ;  a  tubulated  or  quilled  receiver  is  applied  and  kept  cold,  aod 
the  ether  is  distUled  by  a  sand  heat  or  by  a  bath  of  hot  hrine.l   Ai 
first,  alcohol  rises,  but  the  ether  immediately  follows ;  the  gentle  ebul- 
lition, which  begins  at  208^,  must  be  continued,  until  white  vapors  ap- 
pear in  the  retort.^    If  half  as  much  alcohol,  as  at  first,  is  now  added 
to  the  materials,  more  ether  will  be  obtained ;  by  repeated  additioDS, 
the  same  acid  will  produce  more  than  its  own  weight  of  ether.|| 

(b.)  It  vnll  contain  sulphurous  acid,  which  is  removed  bystanditg 
a  few  hours  on  potassa,%  or  by  agitation  with  a  strong  solutu»  9 
that  alkali  in  water ;  the  ether  floats  and  is  then  decanted  and  ^ 


•  Th6nanl,  5th  ed.  Vol.  iv,  p.  146. 

\  As  a  security  against  fracture  from  the  heat,  which»  however,  in  manytriii^ 
I  have  never  met  with. 

X  A  coiDRioa  retort  and  receiver  will  answer,  but  they  must  be  loosely  j^''^^ 

§  Sulphurous  acid  gas,  carbonic  acid  gas,  and  ultimately  olefiant  gas,  are  evM 
and  a  bulky  deposit  of  charcoal  remains,  as  stated  Vol.  I,  p.  408.  . 

II  It  is  said  two  or  three  times  as  much,  but  the  acid  becomes  eventually  too  b«^ 
weakened  to  attract  the  water  any  farther. 

H  Or  on  its  carbonate,  or  on  muriate  of  lime.— .Vtirray. 
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distiUedf*  till  one  half  has  come  over ;  it  will  now  have  the  sp.  gr.  of 
about  .76,  instead  of  .78  or  .79  as  at  first,  and  will  be,  in  quantity,  per- 
haps one  third  of  the  weight  of  the  alcohol,  of  which  fluid  it  still  con- 
tains a  portion ;  it  may  be  removed  by  washing  with  water,  as  follows. 

(c.)  Place  the  ether  in  a  bottle^  vnth  about  ttoice  as  mttch  cold 
water ^  leaving  a  space  of  air  above;  insert  the  stopper,  or  cover  the 
mouth  with  the  hand,  and  agitate  the  fluids  together ;  on  standing, 
the  ether  will  rise  to  the  top,  in  innumerable  minute  globules,  and 
may  be  drawn  off  by  a  syphon,  or  recovered  by  a  filtering  funnel,  or 
by  a  common  glass  funoel,  stopped  with  the  finger,  the  water  being 
allowed  to  escape  and  the  ether  being  retained ;  the  washing  may  be 
repeated  two  or  three  times,  and  the  ether  will  now  be  very  pure.f 

(cf.)  The  oil  of  wine^  as  it  has  been  called,  is  prodticed  dwing 
the  distillation  of  ether;  it  will  soon  be  mentioned  again. 

III.  Properties. 

(a.)  Limpidj  colorless;  odorfragrtmt  andj  to  most  persons,  grate-- 
fid;  tastCj  warm  and  stimulating. 

(6.)  Refractive  powerf  high;  sp.  gr.  usually  .700  to  .713,  water 
being  1,000,  or  according  to  Lovitz  .632;  that  of  the  shops  is  about 
.74^  or  .75°,  and  even  heavier,  as  it  usually  contains  alconol.l 

(c.)  Very  volatile;^  evaporates  rapidly  in  the  open  air;  ooUs  at 
96°  or  98°  JP.,  when  it  is  at  the  density  of  .720  and  in  a  vacuum  at 
40°.  When  it  is  of  the  sp.gr.  of  .713,  it  boUs  at  93/^°^.,  and  in 
vacuo  at  —  20°,  producing  so  much  cold  as  readily  to  freeze  water.  || 
Water  is  also  firozen  by  a  small  stream  of  ether,  trickling  upon  the 
tube  containing  it.|| 


*  From  bhck  oxide  of  manganese,  which  converts  the  sulphurous  acid  into  sul- 
phuric acid  and  forms  sulphate  of  manganese. — Id. 

t  The  vapor  rising  from  the  water  of  these  washines  is  inflammable ;  according 
to  my  experience,  there  is  no  advanta^  in  repeating  the  washings  more  than  twice* 
or  at  the  utmost  thrice,  the  alcohol  being  then  probably  all  removed,  and  if  we  con- 
tinue the  washings  we  waste  the  ether,  which  is  in  a  small  degree  (about  one  tenth) 
soluble  in  water,  and  water  is  also  slightly  soluble  in  ether,  so  that  the  upper  stra- 
tum is  this  solution  and  the  lower  etherized  water. — Thinard. 
X  Mr.  Dalton's  table. 

Ether.  Alcohol.  Sp.  gr. 
40  +  60  =  0.792 
30  70  0.804 

20  80  0.816 

10  90  0  828 

0  100  0.830 

Constructed  from  experiments  on  mixtures  of  ether  of  .720  and  alcohol  of  .830. — h. 
I  give  this  table  as  I  find  it,  although  the  sp.  gr.  of  the  ether  is  greater  than  that  of 
absolute  ether  as  stated  in  the  text. 

§  A  mixture  of  sulphuric  and  muriatic  ether  is  instantly  vaporized  and  produces  a 
cold  below  0.  II  Vol.  I,  p.  106  and  111. 


Ether. 

Alcohol. 

Sp.gr. 

100 

+      0    = 

0720 

90 

^    10 

0.732 

80 

20 

0.744 

70 

80 

0.756 

60 

40 

0.768 

50 

60 

0.780 
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(d.)  Two  ounce  meoncref  of  etber,  idien  vaporized^  unSlfiEL  a  car 
Incfoot;  its  density  is  2.58,  air  beine  1. 

Ether  %$  h^Uy  convenient  for  iihtstraiing  the  iheory  of  9a/9or; 
the  principal  tacts  and  cooclusioos  have  been  already  stated.  Vol.  l, 
pp.  8*7,  96,  &c.  and  need  not  therefore  be  repeated ;  it  wfll  be  re- 
tnembered,  that  the  force  of  its  vapor,  like  that  of  other  fluids,  is,  tf 
the  boiling  point,  equal  to  sustaining  30  inches  of  mercury. 

(e.)  Rectified  ether  floxn  through  a  cafUlarytvbene^^ 
aifast  09  toater,  and  more  than  eight  times  as  fast  as  aIcob<d,  but  ii 
does  not  rise  $o  high  by  capiUary  attraction^  as  eitho*  of  them.* 

(fA  It  freezes  at  -46<^  or  -  47^  F. 

(g.)  Its  solvent  powers  are  leu  extensive  than  those  of  alcohol;  k 
dissolves  essential  oils  and  resins,  a  littlef  sulphur  and  pho^horos, 
and  some  of  the  vegetable  alkalies.  Phosphorized  eUur'l  is  a  nSed- 
teal  preforation;  it  is  necessary  only  to  put  some  phosphorus  into 
a  vial  of  good  ether,  8  grs.  to  the  ounce,  stopping  it  fronn  the  air, 
and  it  will  soon  be  dissolved ;  by  evaporation  it  deports  crystals. 

(A.)  By  cardess  keeping  in  the  lights  ether  becomes  sour^  acetic 
acid  being  generated  by  its  decomposition,^  and  a  peculiar  oil  is  de- 
veloped, which  ether  probably  contains,  since,  by  evaporatioD  chi  a 
plate  of  glass,  it  idways  leaves  a  stain. 

(t.)  It  is  highly  injlanmable  ;\\  if  a  drop  or  two  of  it  be  agitated 
in  a  large  air  jar  covered  by  a  glass  [date,  the  whole  volume  of  air 
will  take  fire  on  the  approach  of  a  lighted  candle.lT  It  enlarges  tbe 
volume  of  gases.  Oocygen  gas^  mingled  with  ethereal  vapor,  is 
doubled  in  volume  at  60^  or  70^,  and  u  rendered  violently  explosive 
as  it  would  be  by  hydrogen  gas.  It  is  easily  made  to  burn  in  a  jet, 
from  an  air  jar  filled  with  hot  water,  or  from  a  bladder.** 

(y.)  A  eoU  of  fine  platinum  trtre,  placed  above  either  alcohol  or 
ether,  and  ignited  by  kindling  their  vapor  into  flamCj  vnU  remain 
ignited^\  after  the  flame  is  extinguished:  this  is  well  exhibited  in  a 


*  Ann.  de  Chim.  et  dTe  Phys.  Vol.  vi,  p.  289. 

t  One  thirteenth  in  tbe  light,  one  seventeenth  in  the  dark. 

t  In  the  opinion  of  Dr.  Tully,  the  phosphorized  oil  is  better^  ss  die  pbosphorw  in 
the  phosphorized  ether  precipitates  by  contact  of  water  or  of  the  saliva. 

$  Ann.  de  Chim.  et  de  Phys.  Vol.  li,  p.  213. 

||  A  lump  of  white  sugar,  filled  with  ether  and  thrown  into  a  vessel  of  hiit  water, 
creates  a  boiling  fountain,  and  a  flaming  one,  if  a  burning  candle  is  applied. 

IT  Much  caution  is  requisite  to  avoid  accidents  with  both  alcolioi  and  ether, 
and  especially  with  the  latter,  more  particularly,  when  it  has  been  exposed,  by 
pouring  or  otherwise ;  it  may  thus  render  the  eiitire  air  of  a  room  inflammable ;  I 
have  seen  the  flame  dart,  several  feet,  from  a  candle  to  the  mouth  of  a  vessel  cootaia- 
ing  ether,  which  of  course,  instantly  boils  and  produces  an  uncontrollable  combus- 
tion, dangerous  alike  to  the  persons  and  premises.  **  See  Vol.  i,  p.  96, 5,  a,  h. 

\\  Vapor  of  acetic  acid,  modified  by  holding  in  solution  a  compound  of  carbon  and 
hydrogen,  is  exhaled  in  rather  irritating  fumi's;  it  was,  for  a  while, 'supposed  to  b« 
a  new  acid.— JBnf .  Q^art.  Jour.  Vol  VIII,  p.  77,  and  Vol.  VL 
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wme  giads,  a  giass  piste  bebg  used  to  eactinguish  the  flame,  and  being 

immeNdiately  afte*  removed.* 

{k.)  Cluorine  causes  the  spontcmeous  combustion  dr  explosion  of 
I  f^her;  a  rag  imbueid  with  ether,  may  be  introduced  into  chlorine  g^s ; 
\  or,  imo  a  botde  containing  3  or  4  pints  of  the  Isgtter,  a  dram  of  etherf 
^       may  be  cautiously  poured,  by  a  glads  fixed  to  a  pole ;  rouriadc  acid^ 

carbonic  acid  gas,  and  precipitated  carbon,  are  the  resuhs. 
'  IV.  Composition. 

'  (tf.)  Thecombustionof  ether  produces  carbonic  acid  and  water;  its 

'        decomporition,  by  passing  it,  in  vapor,  through  an  ignited  tube,  aflbrds 

carburetted  hydrogen,  oxide  of  carbon,  a  little  carbonic  acid,  oil  and 
(  charcoal,  and,  by  explosion  of  its  vapor  with  oxygen,  its  constitution' 
i        is  more  exactly  determined. 

i  (6.)  By  the  researches  of  Saassure,  on  ether  of  sp.  ^-  .tl5,  and 

I        by  those  of  Dumas  and  BouUay,  on  ether  of  .713,  correidted  hy 

calculation,  it  appears  to  have  the  following  composition : — 

^  Saussure,  Damas  and  Boullay,  Calculation. t 

Carbon,  67.98,                 65.05,  64.96, 

I                 Oxygen,  17.62,                 21.24,  21.57, 

(                 Hydrogen,  14.40,                  13.85,  13.47, 

!  100.  100.14  lOb. 

(c.)  It  is  supposed,  that  ether  differs  from  alcohol  in  having  2  emtiv* 

^        aknts  of  olefant  gas,  and  1  equivalent  of  water,  and  that,  thereiore, 

'         its  own  equivalent  will  be  28+9=37. 

*  If  alcohol  consists  of  one  equivalent  of  each,  then  in  ether,  there 

will  be  one  equivalent  of  defiant  gas  and  half  an  equivalent  of  wa- 
ter; but  to  avoid  the  fraction,  we  suppose  alcohol  to  have  2  equiva- 
lents of  each,  and  then  ether,  whether  in  weight  or  volume,  will  be 
constituted  ais  above. 

The  sp.  gr.  of  ethereal  vapor,  found  by  experiment,  is  2.581,  and 
if  the  two  volumes  of  defiant  gas,  sp.  gr.  .972  X2=1.944-f  .625,  the 


*  A  night  lamp  has  heen  constructed  upon  this  principle,  firat  diacorcred  by  Sir. 
H.  Davy.    See  Am.  Jour.,  Vol.  iv,  p.  828,  and  this  work.  Vol.  i,  p.  128.    The  same 
principle  is  applied  in  the  safety  lamp, 
t  Nicholson's  Jour.  4to,  Vol.  v,  p.  206.     - 
I  Dr.  Ure  finds  the  composition  to  be 

Experiment.  Calculation. 

Carbon,        ...        59.60        .        •        -        60. 
Hydrogen,  •        -        13.30        -        -        -        1S.88 

Oxygen,       -        -        -        27.10        -        -        -        26.26 

100.  100.  and  he  in- 

fers 3  volumes  of  otefiant  gas  and  2  of  water,  making  the  sp.  gr.  of  the  vapor  4.1666. 
—JHet.  9d  Eng.  td.  p,  4^. 
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sp.  gr.  of  aqueous  vapor,  are  coodenaed,  die  three  voluiDes  into  ok, 
it  will  give  2.569  for  the  sp.  gr. ;  a  coiDcidence  so  near,  as  to  km 
no  doubt  that  the  condusion  is  correct.* 

Etherification^  therefore,  eomiita  in  the  abstraction  from  alajhd^^ 
one  equiwdeni  of  water;  this  is  the  sok  agency  of  the  stdphwriemi^ 
and  of  several  other  acids^  such  as  the  phosphoric,  araenic  and  fluo- 
boric,  which  produce  the  same  result. 

We  now  understand,  why  so  large  a  portion  of  sulphuric  add  v 
necessary  to  produce  oU^nt  gas  ;f  t^  takes  away  all  the  water  aai 
liberates  thm  gas^  whschis  the  other  constituent^  the  evolutiooof 
carbonic  acid,  sulphurous  acid,  and  carbon,  are  mere  incidents,  ara- 
ing  from  the  too  energetic  action  of  the  hot  acid  on  the  alcohol. 

V.  Uses. 

(a.)  Jn  relation  to  the  animal  economy^  ether  is  a  diffusible  stmsr 
lus  of  the  greatest  activity. 

(&.)  When  inhaled  as  a  vapor j  in  cases  of  difficult  breatUMf, 
spatmsj  fyc.  it  often  gives  instantaneous  rdief  It  is  breathed  from 
sugar,  from  a  vial,  or  from  a  tunnel,  placed  over  a  tea  cup,  from 
which  the  ether  is  vaporized  by  a  warm  water  bath.( 

(c.)  When  placed  in  the  hand  and  pressed  upon  the  face,  bead,  or 
any  other  part,  it  produces  a  tingling  heat,  and  on  removing  the  band, 
sudden  cold  follows,  and  pain  is  sometimes  thus  relieved. 

{d.)  In  chemistry,  t^  is  an  active  solvent  for  caoutchouc,  be  ts 
already  stated. 

OIL  or   WINE. — SULPHO-VINIC   ACID. 

1.  Process. 

(a.)  TTie  oil  of  wine  is  a  product  in  the  distillation  of  alcohol  and 
sulphuric  addj  after  the  ether  has  ceased  to  rise  ;  the  receiver  bang 
changed  and  heat  continued,  sulphurous  acid  is  freely  evolved,  and  a 
small  portion  of  yellow  oil  is  condensed,  long  known  by  the  name  of 
sweet  oil  of  wine;  the  process  ends,  as  above,  with  the  evolution  of 
olefiant  ^s,  charcoal,  &c.§ 

(&.)  Equal  measures  of  acid  and  alcohol  yield  a  larger  product 
of  the  oil;  after  standing  half  an  hour,  the  free  sulphuric  acid  is  pre- 
cipitated by  carbonate  of  lead ;  the  sulpho-vinic  acid  remains  in  so- 
lution, and  with  the  bases  forms  sulpho-vinates. 


*  Ann.  de  Chlm.  Vol.  xcv,  p.  311,  Id.  Vol.  Ixxxix,  p.  294. 

t  2  or  S  measures  to  1.    Vol.  i,  p.  402,  (3,  a.) 

lit  is  somettmes  breathed  for  the  sake  of  the  sensations  which  it  produces;  this  ii 
in  every  view  improper,  and  may  prove  dangerous  or  even  fatal. 

§  The  sulphuric  acid  may  be  Altered  through  powdered  glass  or  sand,  and  wiU 
serve  ibr  another  process. 
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S.  Properties  of  the  sweet  oU  of  wine. — Fragrant j  puiigent  and 
hiiterish;  sp.gr.  1.060;  it  combines  with  alcohol  but  not  widi  ether ; 
does  not  affect  the  test  colors  for  adds. 

3.  Composition. — ^It  is  not  necessary  to  recite  former  discarded 
opinions;  the  view  of  the  subject  given  by  Mr.  Faraday  1^  and  Mr. 
Henneljf  and  now  admitted,  is  as  follows. 

(a.)  The  stoeet  oil  of  mnehaSf  for  its  basiSf  a  compound  of  carbon 
and  hydrogen f  (hydro-carbon,  or  carburet  of  hydrogen,)  in  thepro^ 
portions  Jorming  olejiant  gas;  the  other  constituent  is  sulphuric 
acidf  and  the  proportions  are  2  of  the  acid,  8  of  carbon,  and  8  of  hy- 
drogen. 

(6.)  These  principles  are  combined,  in  suqh  a  manner,  that  the 
tohole  of  the  acidj  with  half  of  the  carbon  and  hydrogen,  forms  a  new 
and  peculiar  add,  to  which  the  name  of  sulpho-vinic  acid  is  given,} 
and  the  remainder  of  the  carbon  and  hydrogen  is  combined,  in  the 
manner  of  a  base,  with  the  peculiar  acid;  this  fluid,  the  oil  of  wine, 
although  it  contains  sulphuric  acid,  exhibits  no  acid  character,  and 
gives  no  precipitate  with  solution  of  baryta,  but,  on  being  then  boiled 
to  dryness,  after  the  application  o(  baryta,  sulphate  of  baryta  is  ob- 
tained in  such  proportion  as  to  imply  37  or  38  per  cent,  of  acid  in 
the  oil. 

ic.)  TTie  oU  of  urine,  when  heated,  gives  up  half,  the  carbon  and 
rogen,  and  is  then  sulpho^nic  acia,  with  2-  equiv.  of  sulphuric 
acid,  4  of  carbon,  and  4  of  hydrogen,  and  the  sulpho-vinic  acid  sat- 
urates bases,  in  proportion  to  one  half  of  its  sulphuric  acid ;  potas- 
sa,  added  to  oil  of  wine,  gives,  by  evaporation,  a  sulpho-vinate,  con- 
taining the  above  proportions  of  the  acid,  with  1  of  potassa. 

(c/.)  That  part  of  the  carbon  and  hydrogen,  not  entering  as  an  ele- 
ment into  the  constitution  of  the  sulpho-vinic  9cid,  crystallizes  spon- 
taneously, 1  equiv.  of  each  element,  being  in  the  same  proportions  as 
in  defiant  gas ;  and  by  agitation  with  alkaline  or  pure  water,  it  ap- 
pears in  the  form  of  an  oil,  odorous,  combustible,  soluble  in  ether,  and 
containing  85.61  carbon,  +  13.11  hydrogen.^ 

The  existence  of  sulpho-vinic  acid  and  of  the  salts,  called  sulpho- 
vinates,  appears  to  be  sufficiently  established. 

2.  Phosphoric  Ether. 
Deliquesced,  or  partially   inspissated  phosphoric  acid  is  distiUed 
with  alcohol,  some  of  which  rises  unchanged,  and  then  foUows  the 

*  Ann.  de  Ch.  et  de  Ph.  Vol.  xzxiv,  p.  167. 

i  Phil.  Trans.  1826,  p.  247.    Eng.  Jour,  of  Science,  Vol.  zxi,  p.  831. 

t  First  mentioned  by  Dabit,  pharmaceaUst  at  Nantes,  in  1800,  Ann.  de  Chim.  et 
de  Phys.  ziU. 

§  For  other  views  and  facts  on  a  sabject  which  is  not  important  enough  to  be  here 
treated  more  in  detail,  see  the  memoir  of  M.  Hennel,  above  cited;  also  Ann.  de 
Chim.  et  de  Phys.  Vol.  xiii,  and  Id.  Vol.  zzxiv,  xzzr,  xxxvi,  zzzvii. 
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ether,  whicb  difiers,  in  no  respect,  from  that  v^iicb  has  been  deaob- 
ed.    The  same  is  true  of  the  arsenical  ether. 

As  these  ethers  are  of  no  particular  use,  I  refer  for  more  detiib 
to  Thinard's  Chem.  5th  Ed.  Vol.  iv,  p.  158,  to  the  Jour,  of  Flar. 
Vol.  i,  and  to  Ann.  de  Chim.  et  de  Phys.  Vol.  xiii,  p.  294. 

Class  II. — Ethers  torked  with  acids,  containing  hfdron 
in  the  place  of  oxygen,  (hydraddi) ;  theic  ethers  are  eompoied^it 
add  <md  olefiant  goi. 

1.  Muriatic  Ether. 

L  Preparation. 

(a.)  By  saturating  alcohol  anth  muriatic  add  gas,  and  distHSMg 
the  impregnated  fluid. 

'  (&.)  Better,  by  fningling,  in  equal  measures,  alcohol  with  stroq; 
muriatic  add,  and  distilling  the  mixture  in  a  glass  retort,  coonecied 
with  a  cold  tubulated  or  quilled  receiver,  or  with  a  Woulfe's  appara- 
tus, the  second  bottle  of  which  sbpuld  be  surrounded  bj  ice.* 

II.  Properties. 

(a.)  Volatilized  at  7(P,  and  begins  to  form  vapor  at  51<^;  mj 
he  permanently  vaporized,  in  inverted  bottles,  jSUa  with  water  m» 
tained  at  80^ ;  sp.  gr.  of  its  vapor  2.219,  air  being  1. ;  that  of  the 
fluid,  at  40°,  is  .870 ;  its  vapor  is  condensed  at  50°  ;  smells  likepd- 
phuric  ether;  it  boils  in  th^palm  of  the  hand,  producing  much  cold. 

(6.)  Dissolves  in  one  volume  of  water;  taste  of  the  soludoa,  sa^ 
charine  and  aromatic,  like  peppermint ;  dissolves  readilj  in  alcohol) 
and  water  separates  it  again;  does  not  congeal  at  —23°  F. 

(c.)  Does  not  predpitate  nitrate  of  silver,  or  proto-nltrate  of  mer- 
cury, or  redden  vegetable  blues. 

(d.)  Still,  it  is  proved  to  contain  muriatic  acid,  for  during  its  cm- 
bustion,  muriatic  gas  is  liberated,  with  carbonic  acid  and  aqueous 
vapor. 

(e.)  Composition — ascertained  by  passing  it  through  a  porcelaio 
tube,  scarcely  ignited  ;  products  of  the  igneous  decomposition,  e^ 
volumes  of  muriatic  acid  gas  and  olefiant,  which  appear  to  be  tfsit^^ 
without  condensation,  SiS  me  sum  of  their  sp.  gr.  l.27S+.9'72^2M 
which  is  very  near  that  of  the  vapor  of  this  ether.f 

(/.)  Fired,  with  oxygen  3  am  ether  I,  it  detonates  violently,  vA 
breaks  a  common  glass  eudiometer. 


*  From  10  oz.  of  the  acCd  and  an  equal  measure  of  alcohol,  1.2  oz.  of  ether  mty^ 
obtained.  It  is  said,  that  muriatic  ether  can  be  procured  by  <*i«ffl^»"g  alcohol  *"■ 
fuming  chloride  (muriate)  of  tin.— Afurrcw. 

t  fiobiquetand  CoUn»  Ann.  de  Chim.  et  de  Phys.  Vol.  i,  p.  848. 
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2.  Htdbiodic  Ether. 

1.  Preparation — ^by  Gay-Lussac,  its  discoverer.* 

DistUf  in  a  water  bathy  egual^  measures  of  the  colorless  acidf  sp. 
gr.  1.7,  and  alcohol,  and  receive  the  product  in  a  bottle  containing 
water ;  it  collects  in  globules  and  looks  milky,  but  soon  forms  a  col- 
orless fluid. 

2.  Properties — very  similar  to  those  of  other  ethers  ;  its  chief  pe- 
culiarities are,  a  sp.  gr.  of  1.92  at  72^  F.  \  becomes  rose  colored  by 
keepings  and  again  colorless  by  contact  of  mercury  and  potassa,  which 
remove  the  liberated  iodine  ;  boils  at  156^  F. ;  in  the  cold,  its  va- 
por does  not  kindle  bjr  the  flame  of  a  taper  ;  on  burning  coals,  eX" 
nales  purple  vapors  of  iodine  ;  potassium  remainsX  in  it  unaltered. 
The  fluoric,^  nuoboric,||  chromo-sulphuric,ir  and  other  ethers  are  at 
present  t6o  obscure  and  unimportant  to  detain  us. 

Class  III. — Ethers**  composed  of  oxy-acij>s  and  alcohol. 
1.  Nitric  Ether. 
Remark.-^^Tlit  action  of  nitric  acid  upon  alcohol  is  violent,  espe- 
cially if  it  is  strong  ;f  f  it  demands  particular  care,  to  avoid  danger^ 
ous  accidents.  I  j; 
I.  Process.^§ 

(a.)  Jlquafortis  and  alcohol  of  commerce,  not  over  half  a  pint  of 
each,  mingled  in  a  retort  of  more  than  double  the  capacity,  and  coo- 

it  >■ 

*  Ann.  de  Chim.  Vol.  zci,  p.  89. 

t  Ure  :  2  alcohol  and  1  colored  acid,  Th6nard,  Vol.  iv,  p.  164.  Semillas  distils 
(into  a  receiver  containing  water)  a  phosphuret  of  iodine,  (8  phoaphorus  +  1  iodine,) 
with  some  iodine  in  a  free  state,  aod  2^  parts  of  alcohol,  (Id.) 

i  The  usual  statement 4hat  potassium  will  keep  only  in  naphtha,  needs  therefore  to 
he  qualified ;  it  is  now  known  to  keep  in  oil  of  copaiba. 

6  Nicholson's  Jour.  Vol.  viii,  p.  143. 

|i  Recher.  Phys.  Chim.  Vol.  ii,  p.  89 ;  Ann.  de  Chim.  et  de  Phys.  Vol.  zri,  p.  72. 

11  Ann.  de  Chtm.  etde  Phys.  Vol.  xvi,  p.  102. 

**  It  is  rather  doubtful  whether  this  class  is  correcUy  described  in  this  title. 

tt  A  small  flask  may  be  charged  with  an  ounce  or  two  of  nitric  acid  and  alcohol, 
and  when  the  action  comes  on,  with  or  without  heat  applied,  the  vapor,  if  fired, 
blazes  to  the  height  of  several  feet.         ^  ^ 

it  If  sttong  nitrous  acid  is  poured  iuto  a  glass  from  which  high  alcohol  has  Just 
been  emptied,  and  with  which  it  is  still  wet,  it  will  fly  out  with  explosive  violence, 
aod  may  dash  tlie  acid  in  the  face  and  eyes. 

§  §  Our  books  often  neglect  to  mentiob  the  strength  of  the  materials;  strong  nitric 
or  nitrous  acid  and  high  alcohol  might  occasion  a  dangerous  explosion,  and  should 
never  be  heated  as  described  in  the  text,  unless  in  very 
small  quantities.  iDr.  Hare  has  an  ingenious  apparatus 
which  I  have  used  with  safety,  with  the  strongest  acid 
and  alcohol ;  see  Dr.  Hare's  Compendium. 

Dr.  Torrey*i  apparatus  for  Mirie  Ether. 
A,  Woulfe's  bottle;   B,  receiver;  c  c,  gla^s  funnels 
ground  to  the  necks,  and  glass  rods  ground  to  the  fun- 
Dels,  the  acid  being  in  one  funnel,  and  the  alcohol  in  the  ^ 
other. 
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nected  with  a  Woulfe's  apparatus ;  the  Grst  bottJe,  as  usual,  is  ix 
waste,  and  the  others  being  filled  with  saturated  briDe,  are  contained 
in  a  box  full  of  ice,  or  better,  of  snow  and  salt  ;  a  gentle  heal  if  i 
few  coah  is  applied^  but  is  withdrawn  at  the  first  appearance  of  ebul- 
lit\on,  and  tlie  latter,  if  too  violent,  may  be  checked  by  a  moisl 
sponge  or  rag  applied  to  ilie  retort ;  tbe  process  is  through,  wfaen 
the  boiling  ceases ;  tlie  ether  will  be  condensed  in  tbe  first  brine  bot- 
tle, and  will  be  in  quantity  about  ^  of  the  alcohol ;  various  gata  are 
disengaged. 

{bi)  Dumas  and  BovUay*  used  equal  weights  of  nitric  acid  tad 
alcohol  J  sp.  gr.  .820  ;  about  200  grammes  of  eacbf  in  a  retort  of  3 
pints ;  it  was  not  necessary  to  cool  the  retort,  the  fire  being  prompiif 
withdrawn  after  the  action  began  ;  the  process  was  quiet,  and  fraoi 
45  to  50  grammes  of  purified  ether  were  obtained  ;  tbis  is  suhstu- 
tially  tlie  process  of  Thenard,  which  is  usually  quoted. 

rf.  Properties. 

(fl.)  Color  yellowish  ;  odor  fragrant^  but  penetrating  and  produ- 
cing giddiness  ;  taste  acrid  and  burning  ;  usually  contains  acid  aod 
reddens  litmus ;  it  is  rendered  neutral  by  distillation  from  quick  liae, 
but  soon  becomes  acid  again,  evolving  nitrous  and  acetic  acids,  aad 
a  similar  change  is  induced  by  mixing  it  with  water  or  distiHiDg  it 
at  a  high  heat  y  sp.  gr.  .886  at  40^,  heavier  than  alcohol^  hanlighkr 
than  water  ;  soluble  in  48  parts  of  the  latter. 

(i.)  Very  combustible  and  volatile;  boils  at  70^  F.  and  sustaios 
30  inches  of  mercury ;  sp.  gr.  of  its  vapor  2.028,  the  warmth  of  tbe 
hand  produces  bubbles  in  a  vial  of  this  ether. 

(c.)  It  quintuples  the  volume  of  oxygen  gas. 

(d.)  Composition — according  to  Thcnard^  the  nitric  acid  is,  6y  t 
part  of  the  alcohol,  turned  into  nitrous,  which  combines  with  the  al- 
cohol 'jX  anhydrous  nitrous  add  and  alcohol  produce  nitric  ether^ 
Dumas  and  BouUay  analyzed  it  by  oxide  of  copper^  and  fowsi 
carbon  32.69,  +  niu-ogen  19,  +  hydrogen  6.85,  +  oxygen  41.46 
=  100,  or  4  equiv.  of  carbon^  5  ofhydrogenj  1  of  nitrogen^  and  4  ox- 
ygenj  which  may  be  supposed  to  form  2  equiv.  qf  olefant  gaSj  1  ^ 
water^  and  I  of  hypo^trous  ac?d. 

(e.)  JVitric  ether  is  decomposed  by  being  passed  through  an  ^nitei 
tubCi  yielding  water,  ammonia,  oil,  caibonic  acid,  prussic  acid,  deut- 
oxide  of  nitrogen,  nitrogen,  carbureued  hydrogen,  fac.  besides  loss. 

Remark, — The  sweet  spirit  ofnitre^  of  the  shops,  is  alcohol  am' 
taining  some  nitric  ether  ;  it  is  produced  by  mingling  2  pints  of  alco- 
hol with  3  oz.  of  nitric  acid  and  distilling.  The  pure  nitric  ether  is  not 


•  Ann.  de  Chlm.  et  de  Phys.  Vol.  xxxvH,  p.  26. 

f  The  gramme  16.6  g:rains  X  200  ==  2100  cruin*  of  each,  or  4200  of  both. 

t  Upon  this  supposition,  it  is  arranged  by  Thenard,  whom  I  have  followed. 
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used  in  medicine,  and  is  known  only  to  the  chemist.    It  was  discov- 
ered by  Navier,  a  physician  at  Chalons,  France. 

2.  AcEjic  Ether. 

Remark. — ^This  is  the  only  one  of  the  vegetable  acids  which,  by  a 
direct  action  upon  alcohol,  forms  an  ether. 

I.  Process. 

(a.)  The  best  acetic  acid,  from  acetate  of  copper,  if  distilled^  10 
or  12  times f  with  an  equal  weight  of  alcohol;  it  is  rectified  by  po- 
lassa. 

(6.)  Strong  acetic  acid  63  parts,  rectified  alcohol  100,  sulphuric 
acid  17 ;  distil  about  120  parts,  from  a  tubulated  retort  into  a  large 
cold  receiver ;  purify  it  by  agitation  with  potassa  in  a  vial,  and  with 
repose,  the  ether  will  float ;  the  sulphuric  acid  favors  the  action,  but 
does  not  form  part  of  the  ether. 

(c.)  Acetate  of  potassa''^  3,  +  3  alcQhol^  +  2  sulphuric  acid,  distil 
to  dryness^  and  then  redistU  with  }  sulphuric  acid. 

n.  Properties. 

(a.)  Volatile^  evaporates  in  the  air;  boUs  at  123°  or  IGO^jf 
density  of  the  vapor  3.067 ;  acetic  acid  is  evolved  during  its  cott^ 
bustionj  although  not  discoverable  in  the  ether ;  it  fires  by  a  lighted 
taper. 

(6.)  Colorless  ;  odor  grateful^  like  that  of  vinegar  and  sulphuric 
ether  mixed;  sp.  gr.  .816;  soluble  in  8  parts  of  water;  potassa 
destroys  its  odor  and  taste,  and  when  the  fluid,  which  is  not  acid,  is 
distilled,  weak  alcohol  is  obtained,  and  acetate  of  potassa  remains. 

(c.)  Like  other  ethers,  soluble  in  alcohol  and  separable  by  water ; 
in  medicine,  it  is  stimulating  and  diuretic. 

(d.)  Composition — 1  equiv.  of  acetic  acid^  +  1  of  ether ,  whieh^ 
in  properties,  is  exactly  luce  the  sulphuric  ether.\ 

The  ethers,  supposed  to  be  formed  with  other  vegetable  acids,  the 
benzoic,  malic,  oxalic,  citric  and  tartaric,  present  nothing  particularly- 
important  ;  they  are  all  produced,  by  the  agency  of  a  mmeral  acid, 
and  it  is  possible  that  they  are  not  distinct  ethers ;  Dumas  and  BouUay 
find  them  composed  of  1  equiv.  of  the  peculiar  acid,  +  1  of  sulphu- 
ric ether,  or,  what  amounts  to  the  same  thing,  of  1  equiv.  of  water, 
+  2  of  defiant  gas.^ 

Remark. — Chloric  ether  was  described,  p.  19  of  thb  volume. 
Strictly,  it  does  not  belong  to  either  of  the  above  classes. 

*  Other  acetates  may  be  employed  with  other  proportions  of  sulphuric  acid. 

f  Dumas  and  Boullay. 

X  Ann.  de  Chim.  Vol.  Ixix,  p.  46. 

\  For  other  facts  and  views,  see  their  memoir,  Ann.  de  Chim.  et  de  Phys.  Vol. 
zxzTii ;  also  Th^nard's  Chem.  5th  Ed.  Vol.  iv,  p.  174,  &c. ;  Mem.  d'Arcueil,  Vol.  ii, 
p.  6,  and  Phil.  Mag.  Vol.  xxxvii,  p.  216. 
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III.  Acetous  F£biisktat»»i. 

Remarks. — The  acetotu  fermentation  %$  thattohickprodueei  vinegar, 
or  the  acette  acid;  in  the  natural  order  of  changes  which  take  place, 
spontaneously,  in  saccharine,  mucilaginous  and  farinaceous  fluids,  it 
frequently  follows  the  vinous  fermentation,  and  therefore  it  is  intro- 
duced in  this  place.  The  acetic  acid  results,  from  two  very  dife- 
ent  conditions. 

1.  It  follows  the  vinous  fermentation,  and  spirit  is  changed  to 
vinegar. 

2.  It  sometimes  takes  place^  unthout  the  previous  production  of  ol* 
coholj  and  frequently  in  substances  not  saccharine. 

1.  7%e  acetous  fermentation  follows  the  viriaus. 
The  indispensable  requisites  are 

1.  A  fluid  containing  wine,  or  alcohol  and  water. 

2.  A  temperature  of  from  60^  to  80^ ;  the  fermentation  is  languid 
at  50^,  and  null  at  32^ ;  above  80°  it  is  very  active. 

3.  A  ferment,  either  contained  in  the  liquor,  or  added,  or  bodi. 

4.  A  free  contact  of  oxygen  gas  or  of  the  air;  for,  the  acidity  of 
wine  is  usually  produced  by  oxygen,  and  the  other  circamstancesare 
only  auxiliary. 

Malt  liquors f  xoeak  wine  and  dder^  are  the  principal  sources  nf 
the  vinegar  of  fermentation;  the  vinegar  of  destructive  distillatiofl 
(pyroligneous  acid)  will  be  mentioned  by  itself.     These  fluids,  after 
they  have  undergone  the  vinous  fermentation,  often  pass,  spontane- 
ously, to  the  acetous  state ;  they  always  do  so  in  a  proper  tempera- 
ture, if  a  ferment  is  added.     Even  alcohol,  if  largely  diluted,  suffen 
the  same  change,  when  mixed  with  yeast.    The  fluids  grow  warm  and 
turbid ;  a  ropy,  filamentous  matter  is  deposited,  oxygen  gas  is  ab- 
sorbed and  carbonic  acid  gas  is  disengaged  ;4n  the  acetous  fermenta- 
tion, the  access  of  the  air  is  therefore,  in  most  cases,  indispensable ;  in. 
the  vinous,  on  the  contrary,  at  least  after  the  process  has  commencet), 
the  air  may  be  entirely  excluded.     In  the  acetous  fermentation,  how- 
ever, unless  at  a  high  temperature,  there  is  not  so  much  turbulence  of 
movement  as  in  the  vinous;  the  oxygen  gas  is  quietly  absorbed  and 
the  carbonic  acid  gas*  quietly  disengaged,  and  Saussuref  ascertained 
that  these  two  operations  are  equivalent,  all  the  oxygen  absorbed  be- 
ing cont^ned  in  the  carbonic  acid  evolved,     ^fter  the  fermentatm 
isfinishedi  all  movement  ceases;  the  fluid  becomes  clear  and  is  found 
to  be  vinegar. 

£t^en  in  rich  saccharine  fluids,  the  changes  are  prevented  by  coU, 
and  by  exclusion  of  the  air;  and  they  are  always  induced  by  the  op- 
posite.   It  appears  to  me  proper  to  include  under  this  head  the  aceti- 

*  In  much  leas  qumntity,  however,  than  in  the  vinous  fennentation. 
f  Recherches  fur  la  Veget.  p.  9. 
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fication  of  vinous  fluids,  although  the  oxygen  of  the  air  is  not  admit- 
ted* It  often  happens  that  weak  bottled  wine,  cider  or  beer,  turns 
sour ;  if  the  bottles  are  imperfectly  corked,  the  effect  may  be  attri- 
buted to  the  oxygen  of  the  air,  and  then  the  liquor  will  not  be  spark- 
ling, but  merely  sour  and  not  spiritous.  We  often  find,  however, 
that  bottled  cider,  although  sparkling  with  carbonic  acid  gas,  is  sour 
and  not  vinous.  In  this  case,  the  air  cannot  have  had  access  by  the 
cork,  otherwise  the  carbonic  acid  would  not  have  been  retamed ; 
the  acetification  has  therefore  arisen  from  an  internal>change ;  some 
of  the  oxygen  of  the  sugar  or  spirit,  or  both,  having  combined  with 
a  part  of  the  carbon  to  form  carbonic  acid,  and  probably  another 
portion  with  hydrogen  to  form  water ;  thus  the  sugar  and  spirit  are 
both  subverted,  and  vinegar  comes  in  their  nlace.  The  ferment 
which  favors  these  changes  often  exists  in  the  fluid. 

2.  Acetification  without  alcoholization. 

Most  vegetable  and  some  animal  substances  become  sour^  in  certain 
stages  of  aecat/j  and  an  acid  is  formed,  which  is  generally  supposed 
to  be  the  acetic.  Thus,  mucilage*  and  many  vegetable  infusions  be- 
come sour  by  keeping  in  close  bottles ;  if  sugar  be  added  to  starch  wa- 
ter, that  has  stood  on  the  gluten  of  wheat,  it  generates  vinegar,  with- 
out the  previous  formation  of  alcohol.  It  is  said  that  all,  or  nearlv 
all  substances,  that  are  capable  of  that  change,  may  be  made  to  af- 
ford vinegar,  without  having  first  perfectly  undergone  the  vinous  fer- 
mentation.f 

The  nature  of  the  change^  in  acetification^  is  not  petfectly  ascer" 
tained. — ^We  can  say,  however,  that  in  vinous  fluids,  and  especially 
in  those  that  are  saccharine,  oxygen,  from  the  air  or  from  their  own 
substance,  aids  in  removing  carbon,  and  in  thus  subverting  both  the 
spiritous  and  saccharine  constitution.  Where  the  acetification  is 
not  preceded  by  the  formation  of  spirit,  and  especially  where  the  air 
is  excluded,  the  change  must  be  internal  and  must  consist  in  a  new, 
but  unknown  arrangement  of  the  elements. 

ACETIC    ACID. VINEGAR. 

Remark. — It  was  formerly  supposed  that  there  are  two  acids^  the 
acetic  and  the  acetous ^  differing  in  the  proportion  of  oxygen;  but  it 
it  has  been  fully  ascertained,  that  the  distinction  is  unfounded,  and 
that  they  differ  only  in  their  state  of  dilution.  Some  writers,  how- 
ever, retain  the  term  acetic  for  the  strongest  acid,  such  as  exists  in 


*  This  is  always  the  case  wiUi  mucilage  of  gum  arabic,  kept  in  a  close  Tessel  the 
year  round,  unless  counteracted  by  some  antiseptic. 
\  Murray,  El.  6th  ed.  Vol.  u.  p.  664. 
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verdigiia  and  in  sugar  of  lead,  and  the  lenD  aoelcraa  Sx  distiDed  m- 
egar  and  other  weaker  Tarieties. 

VINEGAR. 

'nit  wot  probably  km>wn  earlier  than  any  other  acid,*  and  fan 
it  we  haye  derired  our  elementary  ideas  of  these  bodies. 

me  word  vinegar  meam  tour  wrae, — ^wine  being  the  priocfil 
Boarce  of  nnegar  m  wine  countries. 

1.  Procbssbs. 

1.  Fromwine.^'ln  Franee,  at  Orleans,  they  arrange  rows  of  hif|e 
casks,  preferring  those  that  have  been  used  before,  and  giving  them, 
Id  winter,  by  the  aid  of  fire,  a  temperature  of  64^  to  ^8°  F.;  ike 
task  is  at  first  i  filled  with  good  boiling  vinegar:  eight  days  aier, 
they  add  j\  as  much  clear  wine,  and  so  on,  the  same  quant^  at  the 
same  distance  of  time,  till  the  casks  are  full,  and  in  fifteen  days  more 
the  vinegar  is  made.  About  half  is  then  drawn  off  and  the  same 
additions  of  wine  are  made  as  before,  and  at  the  same  intervals,  n- 
rying  both,  as  the  fermentation  is  more  or  less  rapid.  The  vin^rof 
red  wine  is  passed  several  times  through  animal  charcoal,  and  is  thos 
made  even  whiter  than  that  from  white  wbe  ;f  without  losing  theff 
aroma,  both  are  clarified  by  agitation  with  boiling  milk,  the  coaga- 
lum  from  which  is  easily  separated.  In  Paris,  the  wine  is  pressed 
through  the  wine  lees  contained  in  sacks,  and  then  treated  nearlj  as 
above ;  it  is  drawn  off  into  tight  casks  contabing  birch  wood  chips.| 
Vine  twigs  and  grape  stalks  aid  the  fermentation. 

2.  From  maU  liquors, — One  hundred  gallons  of  the  wort  made 
from  six  bushels  of  malt,  are  mixed  at  about  75°  F.  with  four  gallons 
of  yeast,  and  after  thirty  six  hours,  the  liquor  is  drawn  off  into  casks, 
which,  with  their  bungs  open,  are  exposed  to  the  sun,  and  in  winter 
are  warmed  by  a  stove ;  m  three  months  the  vinegar  is  fit  for  tbe 
manufacture  of  acetate  of  lead.^  Sometimes,  raisins  or  grape  cut- 
tings are  added,  to  improve  the  flavor  and  to  aid  the  fermentatioo. 

3.  From  cider. — ^This  is  almost  the  only  source  of  vinegar  in  the 
northern  states  of  North  America.  In  families,  the  vinegar  barrel  is, 
in  summer,  placed  in  the  garret  or  on  the  sunny  side  of  a  builcUng, 
and  in  winter,  in  a  room  where  it  does  not  freeze.  The  refuse  cider 
already  sour,  or  the  daily  remains  of  the  family  consumpti(Mi,  are  ad- 
ded to  some  good  vinegar,  or  to  the  mother  of  vinegar  as  it  is  called. 
This  is  a  white  or  yellowish  ropy  coagulura,  of  a  gelatinous  or  mucfla- 
ginous  appearance,  which  is  formed  in  the  vinegar,  and  acts  as  a  fenneot 

•  Vol.  I,  p.  105. 

t  Th^nard,  Vol.  it,  p.  344,  6Ui  edition.    Aon.  de  Ch.  Vol.  Izxix,  p.  81. 
X  For  varieties  io  the  procewes,  aee  Boerhaave»  Chaptal,  Gray,  Ure,  Aikins,  En- 
eye.  Artii  et  Met.,  &c. 
{  Boerhaave,  quoted  by  Ure. 
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upon  tidtft  BOt  yet  tborougUjr  acetified.  I  do  not  know  that  it  has  been 
analyzed ;  it  is  probably  an  azotized  or  vegeto-animal  substance,  and 
appears  to  sustain  much  the  same  relation  to  cider  that  yeast  does  to 
beer  or  wine.'  In  this  country,  the  acetous  fermention  of  cider  is  of- 
ten aided,  by  putting  into  it  a  piece  of  dough,  or  of  lean  animal  mus- 
cle, or  by  adding  molasses,  (usually  on  a  ^eet  of  paper  coiled,)  or 
the  sugar  which  falls*  spontaneously  from  molasses ;  mashed  currants 
aid  the  effisct.  In  a  few  weeks,  the  vinegar  will  be  formed.  In  fam- 
ily language, .  if  it  is  too  sharp,  (acid,)  it  eats  up  (dissolves,)  the 
mother  of  vinegar,  (the  ferment,)  and  is  thus  injured. 

4.  Dram  sugar. — 10  lbs.  are  added  to  8  gallons  of  water,  with 
3reast  and  raisins  or  grape  cuttings ;  for  the  sake  of  the  flavor,  and 
perhaps  to  aid  the  fermentation,  12  pints  of  bruised  gooseberries  or 
other  fruits  are  added,  and  by  a  process  similar  to  that  for  cider,  a 
good  vinegar  is  produced  in  the  course  of  a  summer. 

6w  From  tDOod^-^pyroligneous  acid.* — ^Hard  woods,  as  oak,  ash, 
beech  and  birch,  are  heated  m  iron  cylinders,  around  which  plays 
the  flame  of  a  furnace ;  iron  tubes  carry  oS  the  vapors  of  the 
acid,  (which  is  formed  by  the  reaction  of  the  elements  of  the  wood,) 
and  they  are  condensed,  along  with  tar,  in  a  proper  refrigeratory  ; 
an  immense  volume  of  inflammable  gases  is  evolved,  which,  in  France, 
are  burned  to  aid  in  producing  the  heat ;  800  lbs.  of  wood  aflbrd 
35  gallons  of  the  crude  acid,  weighing  about  300  lbs.  and  the  char- 
coal (which  is  of  a  fine  quality,)  weighs  about  }  as  much  as  the 
wood.f  The  acid  is  distilled  and  leaves  about  |  of  tar ;  it  is  now 
a  brown  transparent  vinegar  with  a  smell  of  smoke,  and  in  this  state 
or  after  another  distillation,  is  used  to  preserve  animal  muscle  and 
fat  from  putrefaction.} 

If  the  distilled  acid  is  saturated  with  lime,  and  the  dried  acetate 
gently  torrefied,  to  desuroy  the  empyreumatic  vegetable  matter,  which 
gives  the  taste  and  smell,  a  pure  strong  and  colorless  vinegar  will,  by 
distillation  with  sulphuric  acid,  be  obtained,  and  the  same  may  be  ex- 
tracted from  acetate  of  soda.  This  acid  is  sometimes  so  strong  as  to 
be  caustic  ;  it  is  a  perfect  antiseptic,  but  the  animal  substances  pre- 
served in  it,  (the  pure  strong  acid,)  will  be  sour,  and  will  not  have 
the  agreeable  flavor  of  smoke,  because  the  volatile  oil  b  which  it  re- 
sides has  been  destroyed  by  the  heat.  J 

*  See  Parkcs'  Chemical  Essays  for  an  excellent  account  of  this  important  maau* 
facturc ;  this  acid  is  used  by  the  calico  printers,  the  manufacturers  of  white  lead 
and  sugar  of  lead,  £lc.  and  the  tar  is  also  a  useful  product. 

t  These  facts  are  now  too  generally  known  to  need  much  illustration ;  1  quart  of 
the  pyroligncous  acid,  added  to  the  common  pickle  for  hams,  at  the  time  they  are  laid 
down,  and  in  the  same  barrel,  will  give  them  the  flavor  of  smoke  as  perfectly,  as  if 
they  had  gone  through  the  usual  process  of  smoking. 

1 1  am  informed  that  the  pyroligneous  acid  has  recently  fallen  into  some  discredit 
in  this  part  of  the  country,  on  account  of  its  having  been  made  so  pure,  that  it  lias 
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The  vinegar  of  wood  and  aU  vitu^art^  may  ftc  pmr^ei^  hy  adding 
to  them  die  animal  charcaalf*  made  hj  calcbing  beef  or  mmioa 
bones  in  a  covered  crucible ;  it  is  stirred,  occasioDalljy  with  tbe  vine- 
gar, which,  in  a  few  days,  loses  its  color  but  retains  its  acidi^  ;  and 
after  filtradon,  has  no  unpleasant  flavor ;  even  acetic  acid  is  defsiv- 
ed  of  empyreuma,  by  digesdon  on  the  charcoal,  made  in  the  Prus- 
sian blue  manufactories. 

II.  Properties  ofvinegar, — ^They  are  familiar ;  it  is  actdandfror 
grant ;  color  yellow  or  brown^  but  varying  with  the  sou^e  ;  reddau 
vegetable  blues  ;  contains  saccharine,  mucilaginous  and  coloring  mat* 
ter,  and  somedmes  small  pordons  of  alcohol  ;f  also,  nitric,  naalic  and 
tartaric  acids,  according  to  the  fluid  from  which  it  has  been  fonii- 
ed ;  animalcules  are  found  in  it,  often  in  great  numbers  ;  they  are 
chiefly  removed  by  a  fine  filter  of  paper,|  and  the  odier  matters  bf 
distillauon,  but  disuUed  vinegar  has  a  burnt  taste ;  it  is  better  io 
disul  it  from  charcoal  which  has  been  made  to  imbibe  it ;  water  rises 
first  and  may  be  wasted,  and  the  vinegar  may  be  retained. 

Vinegar  is  both  purified  and  concentrated  by  freezing,  but  its 
quandty  is  much  diminished.  Sp.  gr.  of  the  best  malt  vinegjv 
1.0204. — (h.)  If  sulphuric  acid^  has  been  used  to  adulterate  k, 
there  will  be  an  insoluble  precipitate  with  muriate  of  baryta.  Good 
vinegar  should  not  be  aflfected  by  ammonia,  ||  or  by  sulphate  of  so- 
dajlTor  by  hydro-sulphurets.** 

ACETIC    ACID. 

Remark. — ^The  purified  vinegar  is  a  weak  acenc  acid,  and  the  pu- 
rified and  concentrated  pyroligneous  acid  is  as  strong  an  acetic  acid 
as  can  well  be  obtained. 


in  tome  cases,  failed  to  impart  the  desired  flavor  of  smoke.     I  have  used  it  ibr  a  series 
of  years  with  perfect  success. 

*  Common  animal  charcoal  contains  carbonate  and  phosphate  of  lime.  The  latter 
is  decomposed  and  an  acetate  of  lime  is  formed ;  a  portion  also  of  the  phosphate  is 
dissolved  by  the  vinegar.    These  itnpurides  are  easily  detected  by  evaponttng  a 


of  the  acid  to  dryness ;  the  acetate  oi  lime  communicates  an  unpleasant  flavor  to  the 
vineipir.  I  always  remove  the  earthy  matter  from  the  animal  charcoal,  by  digeslioa 
in  muriatic  acid,  and  then  washing  it  with  diluted  alkali. — j.  t. 

t  From  French  vinegar,  an  ounce  of  alcohol  is  obtained  from  four  pints  of  vinegar. 

X  With  a  good  magnifying  glass,  hardly  one  can  be  detected  in  the  vinegar  after 
filtration,  and  tbe  animalcules  that  are  caught  on  the  paper  can  scarcely  m  i"  ' 
guished  from  its  fibres. 

§  A  litUe  sulphuric  acid  is  allowed  in  England. 

U  Which  detects  copper  by  a  blue  color. 

IT  This  would  indicate  lead  by  a  white  precipitate. 

*'  These  would  detect  lead  by  a  dark  cloud. 
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I.  Process. 

(04)  Acetate  ofpcftttisa*  ^pariSj  or  acetate  of  lead\  3,  atid  strong 
ndphurie  add  1,  aistU  from  a  glass  retort  into  a  cold  receiver ;  the 
acetic  acid  is  purified  from  the  sulpburous,  by  a  redistillation  from  a 
Utde  black  oxide  of  manganese. 

it.)  Bin-acetate  of  copper,  (crystallized  verdigris,)  is  distilled 
loui  addition,  from  a  glass  retort  placed  in  a  sand  heat ;  the  retort 
may  be  nearly  full ;  the  first  portions  that  rise  are  watery,  and  may  be 
rejected,  and  tbe  stronger  acid  comes  towards  the  last  ;i  the  fluid  is 
green  and  mast  be  redistilled  to  iiree  it  from  copper  ;§  it  will  then 
have  a  sp.  gr.  of  from  1.056  to  1.080. 

II.  Properties  of  acetic  add, 

(a.)  Odor  pungent  and  refreshing  ;  resembles  however ^  a  littUj  that 
ofsmphurous  acid;\\  it  ia  a  strong  add,  and  after  being  applied 
a  little  while^  blisters  the  skin  ;  powerfully  reddens  vegetable  blues. 

(6.)  Very  volatile  ;  vapor  rises  spontaneously,  unchanged^  and  when 
the  acid  is  heated,  the  vapor  is  infiammahle,  burning  with  a  white  light. 

f  c«)  The  strongest  acid  is  stiU  a  hydrate^  with  1  equivalent  of  acid 
ana  1  of  water ;  it  then  crystallizes  at  a  low  temperature,  and  retains 
its  solid  form  up  to  b(P ;  when,  of  sp.  gr*  1.063,  it  crystallizes  at  65°, 
and  does  not  melt  till  nearly  YO^.IT 

(d.)  When  obtained  with  strong  sulphuric  acid  from  very  dry  ace- 
tate of  soda,  and  rectiBed,  it  contains  65  or  66  per  cent,  of  real 
acetic  acid,  and  by  freezing,  it  will  be  concentrated  even  to  80  per 
cent. ;  the  acid  that  crystallizes  at  55°,  appears,  from  saturating  an 
alkali,  to  contain  about  83  per  cent,  of  real  acid.** 

(e.)  By  transmission  through  an  ignited  tube,  it  is  but  partially  de- 
composed. 

(/.)  The  specific  gravity  of  compounds  of  this  acid  and  water, 
increases  until  the  proportions  are  5  of  water  to  1  of  acid  ;  it  then 
decreases  so  that  its  specific  gravity  is  no  decisive  criterion 'of  its 
Strength.ff 

*  It  may  be  procured  in  the  fhops;  acetate  of  soda  answera  the  same  purpose  \ 
for  an  economical  method  by  using  this  salt,  see  Ann.  Philos.  N.  S.  Vol.  ii,  p.  28,  and 
Hen.  Vol.  u,  p.  400. 

f  If  any  sulphuric  add  has  ^ne  over,  it  will  be  defected  by  adding  a  solution  of 
acetet^of  lead.  t  Ann.  de  Chim.  Vol.  izHi,  p.  267. 

§  Tbe  very  last  product  of  the  distillation  is  a  pyro-acetic  ether,  produced  by  a  new 
arrangement  of  the  elements ;  potassa  or  its  carbonate  will  free  it  from  the  acetic 
add,  and  when  .redistilled,  it  is  limpid,  pungent,  inflammable,  evaporates  fn  tbe 
hand,  and  produces  cold ;  lighter  than  alcohol,  but  is  miscible  with  water,  and  like 
sulphuric  ether,  decomposes  muriate  of  gold. 

H  If  drawn  into  the  lungs,  it  does  not.produce  a  sensaUon  like  that  from  the  fumes 
of  burning  brimstone. 

%  M.  De^retz  obtained  the  crystallized  acid  by  heating  together  the  eqoivalettts 
of  fused  and  dried  acetate  of  lead  and  boiled  sulphuric  add.  £ng.  Quar.  Jour.  No.  14, 
p.  423,  N.  S.  *•  Eng.  Quar.  Jour.  Vol.  vi,  p.  26. 

t  \  See  the  table  of  the  specific  gravity  of  different  compounds  of  this  add  and  wa- 
ter; Thomson's  First  Prindples,  Vol.  ii,  p.  185. 
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{g.)  Its  strength  is  estimated  by  its  potoer  of  neutrdHsing  aOah- 
lies;  100  parts,  by  weight,  of  real  acetic  acid  saturate  290  of  ciys- 
fallized,  or  107.7  of  anhj'drous  carbonate  of  soda.* — h. 

(A.)  Composition. — ^Frocn  a  comparisoD  of  the  analyses  of  Gaj- 
Lussac  and  Thenard,  and  of  Berzelius,f  it  has  been  concluded  tbn 
tljis  acid  consists  of  4  equiv.  of  carbon,  =  24  +  3  of  oxygen,  = 
24  +  2  of  hydrogen,  =  60  its  equivalent ;  Dr.  Prout  however, 
finds  1  equiv.  more  of  hydrogen,  and  that,  contrary  to  the  fact  widi 
other  vegetable  acids,  its  oxygen  and  hydrogen  are  m  exact  pro- 
portions to  form  water ;  according  to  him,  its  equivalent  is  51,  com- 
posed of  carbon,  4  equiv.  ^  24,  +  oxygen,  3  =  24,  +  3  hydrogen, 
=^61. 

Remarks, — Acetic  acid  is  of  great  utUity  in  the  arts,  in  domestic 
economy,  and  in  medicine.  Its  fumes,  when  diffused  in  a  sick  room, 
although  grateful  and  refreshing,  have  however,  no  antiseptic  power. 
Tins  acid,  in  the  form  of  acetate  of  poiassa,  is  found  inr  many  plants, 
as  the  Sambucus  nigra.  Phoenix  dactylifera,  Cralium  verum  and  Rhus 
typhina ;  it  is  contained  in  perspirable  matter  and  in  new  milk ;  the 
stomach  produces  it  in  disease. 

ACETATES. 

Soluble  ;  difficult  to  crystallize;  decomposed  by  heat  and  by  sul- 
phuric add. 

I.  Acetate  or  pot  ass  a. 

Anciently,   digestive  salt  of  Sylvius. 

1.  Process. — ^Synthetical^  between  the  acid  and  the  alkali  or  its 
carbonate,  or  by  double  exchange  between  the  acetate  of  lime  and 
sulphate  of  potassa. 

2.  Properties. 

(a.)  A  foliated  mass  is  obtained  by  desiccation  or  fusioo ;  this 
sal:  erystauizes  by  skna  evaporation^  in  minute  prisms,  containing  1 
equiv.  acid  +  2  water ;  deliquescent ;  dissolves  at  60^  in  about  1 
part  of  water  and  in  2  of  boiling  alcohol. 

(b.)  Probable  constittUiofi. — Acid,  1  equiv.  =  50  or  51  +  po- 
tassa, 1  equiv.  48  =  98  or  99. 

(c.)  The  salt,  crystallized  by  the  aid  of  sulphuric  acid,  in  a  va- 
cuum, contains  2  equiv.  of  water  to  1  of  the  acid  and  a  bin-ace- 
tale,  formed  by  Dr.  Thomson,  crystallized  in  ilic  same  manner,  in 
large  transparent  plates,  flat  and  deliquescent,  and  containing  6  equiv. 
of  water. 


*  Id  the  Eofrlish  excise,  hydrate  of  lime  is  used  to  saturate  vinegar,  and  the  spe- 
cific gravity  of  the  acetate  is  the  criterion  of  the  strength  of  the  vine«:ar ;  Eng 
Quar.  Jour.  Vol.  vi,  p.  256.  f  Ann.  Philos.  Vol.  iv,  p.  323. 

§  For  pharmaceutical  details  see  the  pharmacopeias. 
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The  acetate  of  potassa,  is  often  formed  by  merely  mingling  vine- 
gar, or  better,  pure  acetic  acid  and  pearlashes ;  it  is  a  diuretic  and 
cathartic  of  decided  efficacy. 

II.  Acetate  of  soda. 

1.  Process, — By  combining  the  acid  and  alkali;  or,  acetate  cff 
lime,  1  part,  is  formed  by  pyroligneous  acid  and  lime,  and  decom- 
posed by  double  exchange  with  sulphate  of  soda,  2  parts,  (crystal- 
lized ;)  to  produce  good  crystals,  the  alkali  should  be  in  excess ; 
they  are  easily  obtained  by  evaporadon; 

2.  Properties. 

(a.)  Permanent  in  the  air;  soluble  at  6(P  in  2  or  3  parts  of  wa- 
ter; form,  derived  from  a  rhombic  prism;  suSer  ioieous  fusion  at 
660°  F.  but  retain  the  acid ;  decomposed  at  600°.* 

(b.)  Composition;  acid,  1  equiv.  50  or  61  +  alkali  I  equiv.  = 
32  =  82  or  83;  per  cent  60.98+39.02;  for  the 

(dry,)      61.689  acid,  36.95  crystals,  50 

38.311  soda,         22.94  32 

water,       40.11  54 

100.  

100.  136  equiv. 

This  salt  is  employed  in  medicine  for  the  same  purpose  as  the 
acetate  of  potassa ;  it  is  much  used  for  afTording  acetic  acid  by  the 
aid  of  the  sulphuric. 

III.  Acetate  ot  AMMONiA.f 

1.  Fr0ce».-*-Formed  between  the  acid  and  carbonate  of  am- 
monia. 

2.  Properties. 

(a.)  Difficult  to  crystallize;  in  vacuo,  and  aided  by  sulphuric  acid, 
it  deposits  oblique  four  sided  prisms. 

(&.)  Deliquescent;  volatile  at  253°,  and  condenses  again  in 
crystals. 

(c.)  Composition. — 1  equiv.  of  acid,  =  50  or  51  +  1  of  am- 
monia, =  17  +  7  of  water,  63  =  130  or  131. — Thomson. 

This  is  an  ancient  febrifuge  medicine^  introduced  by  Mindererus, 
and  is  still  used ;  it  is  often  formed  extemporaneously. 
IV.  Acetate  of  lime. 

Its  formation  has  been  already  mentioned. 

Difficult  to  crystallize;  by  evaporation,  forms  silky  crystals^ 
containing  6  equiv.  of  water.  Soluble  in  water  and  alcohol;  not 
deliquescent;  when  dry,  phosphorescent  at  250°  F. 

Composition — acid,  1  equiv.  =  50  or  51  +  1  of  lime  =  28  = 
78  or  79. 


*  Annald  of  Philosophy,  N.  S.  Vol.  ti,  p.  143. 

t  Its  solution  was  formerly  called  Spihtus  Mindereri. 
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JVa^i»6cI  mmedieine;  made  firom  pyroIigDecms  acid  and  Kma  for 
the  manufacture  of  yioegar,  and,  by  double  exchange  with  alum,  mod 
to  form  acetate  of  alumina  for  the  dyers  and  calico  [urinters.— *h. 

V.  Acetate  of  Babtta— of  Strontia. 
'  Formed  synthetically. — The  acetate  of  baryta  fonm  irregular  six 
sided  prisms f^  with  dihedral  summits';  soluble  in  about  its  weight  of 
water  at  60^,  and  in  less  than  20  of  boiling  water;  slighdy  sduUe 
in  alcohol ;  composition — acid  1  equiv.  50  or  51  +  1  equiv.  of  eardi, 
78  =  128  or  129,  +  1  ejiuiv.  of  water  9=137  or  138. 

As  a  test  J  very  useful  in  the  laboratory. — ^Acetate  of  strontia  has  a 
sweetish  taste ;  dissolves  in  about  2  parts  of  cold  water ;  composition 
probably  48.08  acid  +51.92  base. — h. 

The  acetate  of  alumina  has  been  already  mentioned ;  it  tf  used 
only  in  dyeings  and  being  formed  with  alum  and  acetate  of  lead  or 
lime  it  has  generally  an  excess  of  alum. 

There  are  acetates  of  the  other  earths,  but  they  arc  litlle  known. 
The  important  metallic  acetates  have  been  described  under  the  metals. 

For  a  notice  of  the  pyro-acetic  spirit,  or  ether  obtained   by  M. 
Chenevix,  by  distilling  several  metalhc  acetates,  see  Ann.  de  Chim. 
Ixix,  Ann.  of  Phil,  viii,  69,  and  Henry,  11th  ed.  Vol.  ii,  p.  408. 
Condusion  of  the  history  of  vegetable  bodies. 

When  the  chemist  has  ascertained  the  elements  and  proximate 
principles  of  plants,  and  the  proportions  in  which  they  are  combin- 
ed, he  has  done  his  duty,  and  the  historian  of  the  science  has  per- 
fonned  his,  when  he  has  perspicuously  arranged  and  recited  die 
facts.  It  is  however  desirable  to  know  what  happens  m  the  ?c^ 
tation  and  decomposition  of  these  bodies ;  this  is  a  department  of 
cheraiCo*vegetable  physiobgy,  embracing  a  wide  range  of  facts  and 
deductions,  and,  for  its  full  elucidation,  demanding  a  distinct  work,  h 
a  concise  elennsntary  treatise,  it  is  impossible  to  exhibit 'thb  subject  in 
a  satisfactory  manner,  and  in  the  present  instance,  drawing  near  our 
extreme  boundary  of  space,  we  have  the  altemauve,  either  of  omitting, 
entirelv,  this  part  of  the  subject,  or  of  givmg,  in  the  shortest  terms,  a 
few'oi  the  most  important  conclusions,  to  which  the  labors  of  many 
philosophers  have  conducted  us ;  we  have  chosen  the  latter  course 
and  shall  be  constrained  by  our  limits  to  omiit  most  of  the  usual  ref- 
erences to  authorities,  most  of  the  names  of  authors  and  discoverers, 
and  all  the  discussions  on  controverted  and  unsettled  topics. 
1.  Germination. 

1.  The  cotyledons  of  the  seed  are  mainly  foriaaeeous  ;f  the  oor- 
culum  contains  die  rudiments  of  tlie  future  plant,  viz.  the  rostel  and 
the  plumule. 


•  Ann.  of  Phil.  N.  S.  Vol.  vii,  p.  366. 

t  Containing  also  suj^r,  fum,  mucilage  and  ulbvmeD. 
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2.  In  u  dry  placB^  eipeeudly  if  cold,  the  viialiiy  of  the  8eed  lies 
domumt^  it  is  awakened  by  moisture,  heat  and  air ;  the  best  tem- 
perature is  from  60^  to  80° ;  it  varies  wiUi  different  plants ;  vegeta- 
ble life  is  not  quickened  below  32°  and  it  is  destroyed  at  212°. 
Oxygen  is  indispensable;  a  litde  chlorine  dissolved  in  water,  favors 
germination^  by  liberating  oxygen ;  it  will  not  commence^  in  vacuo,  or 
%n  the  gases  deadly  to  life. 

3.  mtense  light*  is  ui^avorahle,  and  it  is  often  accompanied  also  by 
too  much  heat ;  seeds,  in  a  mellow  soil,  a  few  inches  from  the  surface, 
are  in  a  favorable  situation  to  germinate,  because  they  have  moisture, 
air  and  sufficient  warmth. 

4.  The  soil  is  not  indispensable;  for,  seeds  germinate  readily  on  a 
moist  sponge  or  m  other  situations,  out  of  the  ground,  where  they 
have  air,  moisture  and  warmth ;  seeds,  buried  deep  in  the  earth,  do 
not  germinate ;  they  may  have  moisture,  but  they  have  not  air  nor 
always  safficient  warmth ;  innumerable  seeds  of  innumerable  kinds 
lie  buried  in  various  soils,  for  every  new  exposure  of  soil  brings  a 
new  crop  of  plants. 

5.  In  germination,  oxygen  gas  is  absorbed,  and  an  equal  volume 
of  carbonic  gas  is  evolved,  as  may  be  seen  when  germination  takes 
place  under  a  bell  glass  ;f  something  besides  carbon  is  removed,  for 
there  is  a  loss  of  weight  of  ^  J  or  }  ;§  it  may  be  moisture. 

6.  The  farinaceous  and  albuminous  matter  of  the  cotyledons  be- 
comes saccharine,  and  furnishes  nourishment  to  the  corcuium ;  first,  to 
the  rostel,  which,  whatever  may  be  the  position  of  the  seed,  seeks 
the  eartb,  and  next,  to  the  plumule,  which,  in  the  like  manner,  inva- 
riably tends  upward  ;||  the  remains  of  die  cotyledons  fall  off  when 
the  rostel  can  draw  support  from  the  ground,  and  the  plumule  and 
its  young  leaves  from  the  air.lT 

2.  Respiration. 

1.  The  materials  of  the  juices  of  plants,  drawn  from  the  earth  by 
the  roots,  pass  up  through  the  common  vessels  in  the  wood,  circulate 
in  the  leaves,  there  receive  the  influence  of  the  light  and  air,  and 


*  According  to  M.  Leucbs,  ripe  seeds  have  never  been  obtained  in  darkness;  tn 
etiolated  plant  becomes  green  in  4  or  5  hours  in  the  light ;  the  light  of  a  lamp  pro- 
duces greenness  in  plants,  and  they  tend  toward  it ;  there  is  most  solid  matter  in 
those  that  have  had  the  light,  and  it  is  supposed  that  the  nights  would  be  fatal  to 
plants,  were  it  not  for  the  light  of  the  moon  and  stars.  Eng.  Quar.  Jour.  No.  14,  N.  S. 
p.  437. 

i  This  is  proved  by  causing  germination  to  take  place  under  a  bell  glass. 

i  Proust.  §  Thomson. 

II  lioth,  if  opposed,  will  contort  themselves,  in  all  imaginable  ways,  to  accomplish 
the  object. 

U  We  have  already  mentioned  the  changes  that  occur  in  malting;  see  p.  410,  of 
this  volume,  note  and  p. 
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iheo  returo  tbroui^h  the  proper  vessek  in  the  iolerior  bark,  to  he  a»- 
siinikled  and  converted  into  the  various  priodples  appropnale  id 
tbeplaou 

2.  h  has  heeD  akeady  staled^  (p.  199,  Vol.  I,)  that  im  ike  dint 
'^^^  ''V*  green  leaves  deeow^foae  or  abeorb  ca^bamie  addy  emd  emk 
oxygen  gas  in  equal  volume;  the  same  agency  b  exerted  id  waao^ 
containing  carbonic  acid,  and  if,  in  either  case,  there  is  none  preseo^ 
no  oxygen  gas  is  evolved  ;*  beautiful  trees  grow  on  n)cky  mountaiBs^ 
derivbg  dieir  carbon  chiefly  Irom  the  carbonic  acid  gas  io  the  air. 

3.  In  the  dark^  the  leaves  evolve  carbomie  add,  some  say  in  vohaae 
equal  to  that  of  the  oxygen  given  out  in  the  light ;  but  Dr.  Tbomsn 
and  Sir  H.  Davy  are  of  opinion,  that,  agreeably  to  the  original  ex- 
periments of  Dr.  Priesdey,  the  balance  is  in  £ivor  of  the  oxygen ;  oa 
this  question  there  is  not  imanimity,  but  the  evidence  appears  to  sus- 
tain the  early  opinion.f 

4.  Carbonic  acid  gas  is  always  injurious  to  vegetaiioo,  unless  it  is 
absorbed  and  decomposed  ;  it  aids  vegetation,  if  it  does  not  exceed 
tV  or  I  of  the  entire  air. 

5.  Nitrogen  appears  not  to  be  absorbed j^  from  the  airj  and  whea 
that  principle  exists  in  plants,  it  is  probably  derived  from  the  schI. 

3.  Nutrition. 

1 .  Plants  can  vegetate  with  only  air  and  moisture  ;  some  plants  may 
be  even  suspended  in  the  air  and  retain  their  vitality  ;^  others  wil 
vegetate  in  siliceous  sand,  moistened  with  distilled  water,  as  was  the 
case  widi  the  willow  tree  of  Dr.  Hales  ;||  oats  vegetate  well  on  cot- 
ton, floating  in  a  glass  of  pure  water,  and  bulbous  roots  in  water  alooe. 

Water  contains  two  of  the  elements  of  plants,  oxygen  and  hydro- 
gen ;  the  atmosphere  may  afibrd  oxygen,  (and  nitrogen  also,  if  we 
may  suppose  with  some  that  it  is  sometimes  absorbed,)  and  its  car- 
bonic actd,  which,  although  small  in  quantity,  is  constantly  renewed, 
supplies  a  large  part  of  the  carbon  of  plants. 

Sprigs  of  mint  and  of  other  plants,  vegetating  in  air,  which,  by  re- 
spiration or  combustion,  has  been  contaminated  by  carbonic  acid  gas, 
will  restore  the  oxygen,  by  absorbing  and  decomposing  the  carbonic 
acid.  Light  is  necessary  to  tliis  efiect,  and  plants  growing  in  distiUed 
water  in  the  light  and  air,  increase  their  quantity  of  carbon ;  but  when 
growing  in  the  dark,  in  the  same  circumstances,  in  other  respects, 


*  Accordiog  to  Saussure,  some  oxygen  giu)  is  absorbed  by  the  plant. 

t  Vol.  i,  p.  373.  I  The  opposite  opinion  has  boon  maintained. 

§  Fur  instance,  the  fig  (rco.«,  ficiis  ela.'ftira,  suspended  four  years,  and  the  Ficus 
aui>tralid,  ten  veam,  in  the  Hotanical  (harden  at  Edinb.  and  still  sending  forth  shoo't 
and  leavcH;  they  were  scon  by  Pi  of.  Griscoiu,  sui<pended  from  the  ceiling. 

II  Sec  Vre's  Diet.  3a  Kn«.  edtlon,  p.  78 1. 
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the  carbon  is  diminished.     Oxygen  is  necessary  to  the  growth  of 
flowers ;  they  perish  without  it. 

2.  Although  plants  derive  most  of  their  support  from  air  and 
water,  their  qualities  are  greatly  influenced  by  the  soU^  and  the  mat- 
ters wWch  exist  in  it ;  from  this  source  do  they  derive  the  salts, 
earths,*  alkalies,  and  iodine,  and  even  the  metals  which  they  contain.f 

3.  Perhaps  none  of  these  things  act  as  food  to  the  plant,  but  they 
may  excite  its  vital  powery  and  they  certainly  modify  its  properties ; 
plaster  of  Paris  and  lime  may  act  as  stimulants  as  well  as  materials, 
and  all  animal  and  vegetable  manures,}  consist  of  the  elements  which 
we  find  in  plants. 

4.  It  is  obviousy  from  all  that  has  been  stated,  that  besides  the  carbon, 
hydrogen  and  oxygen,  which  are  the  invariable  elements  of  vegeta- 
bles, and  the  nitirogen,  which  is  essential  to  some  of  them,  there  are 
other  dements  and  compounds,  that  are  found  in  them,  more  or  less. 

These  are  the  alkalies;  the  earths,  lime^  and  silica,  and  rarely 
magnesia  and  alumina ;  several  mineral  acids  in  the  native  veg- 
etable salts;  iron  and  manganese ;||  phosphorus  and  sulphur;  io- 
dine; and  bromine,  in  the  saline  form,  has  been  found  in  plants 
connected  with  saline  sources.  Silica  appears  to  be  essential  to  the 
firmness  of  the  hollow  grasses,  such  as  wheat  and  oats,  and  it  exists 
in  the  epidermis  of  the  East  Indian  bamboos,  in  such  quantity  as  to 
strike  fire  with  steel ;  there  is  also  a  siliceous  concretion  in  the  hol- 
low of  the  bamboo,  called  by  the  East  Indians,  tabasheer. 

As  vegetable  putrefaction  is  governed  by  the  sapie  principles  as 
animal,  what  we  have  to  state  as  to  the  nature  and  causes  of  these 
changes  may  be  given  in  connexion,  at  the  end  of  the  chemistry  of 
animal  substances. 

CLASSIFICATION  OF  vEGETABLESjIT  upou  the  proportious  of  oxygcn 

and  hydrogen. 

1 .  Principles  having  more  oocygen  in  relation  to  the  hydrogen^  than 
is  necessary  to  form  water;  instances — all  the  vegetable  acids  except 
the  acetic.** 


*  Scbrader's  eTperimenta  which  implied  that  earths  and  saKs  might  be  introduced 
by  atmospheric  dust,  appear  not  to  be  tully  accredited. 

t  Dr.  Hare  ascertained  that  metallic  solutions  may  be  speedily  absorbed  into  plants 
80  as  to  kill  both  them  and  insects  feeding  upon  them.     Am.  Jour.  Vol.  xix,  p.  172. 

X  Saussure  on  Vegetation  ;  Thenard's  abstract  in  hi*  Chemistry ;  Dr.  PrieaUey 
on  Air ;  Davy's  Agricultural  Chemistry,  and  Murray's  and  Turner's  Chemistry. 

§  It  is  rare  to  find  a  plant  without  liiue ;  the  sal  .<H>Ia  soda  is  said  to  be  the  only  ex- 
ception ;  it  contains  a  good  deal  of  iron  and  .18  of  magnesia,  which  earth  exbts  in 
the  fuci  also. 

II  Gold,  doubtless  accidental,  was  cited  by  Kunckel  and  Sage  ;  I  am  not  aware 
that  any  modern  analysis  has  confirmed  the  observation.  Manganese  has  been  found 
in  pine,  calendula,  green  oak  and  fig  tree.  ^  See  page  394  of  this  volume. 

**  Whose  oxygen  and  hydrogen  arc  exactly  in  the  proportions  to  forra  water. 
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2*  h  exact  proportions  to  form  water;  instuices—Bugar,  molasses, 
honey,  manna,  starch,  amydine,  hordein,  guni,  imicilagey  lignioy  W 
roxylic  spirit. 

3.  Substances  contakdng  more  hydrogen  than^  vnih  the  oopggen^  i§ 
necessary  to  form  water;  instances — ^vegetable  alkalies,  oils  fixed  and 
volatile,  camphor,  resios  and  resinous  bodies,  caoutchouc,  wax,  alco- 
hol, ether,  the  natural  bituminous  substances.* 

4.  Substances  which^  probably^  do  not  belong  to  either  ef  theat 
dosses;  coloring  matter,  tannin,  gluten  and  its  varieties,  yeast,  aSbu- 
meD,  and  most  if  not  all  oS  the  imperfecdy  ascertained  bodies* 

II.  Animal  Bodies. 

General  views. 

1.  As  v^etable  substances  are  derived  from  the  mineral^  so  the 
oMsmal  come  from  the  vegetable  ;  no  elementary  or  undecoraposed 
body  b  thereKure  found  id  either,  which  does  not  exist  in  earth,  water, 
or  air. 

2.  In  general,  the  arrangements  of  animal  and  vegetable  matter 
arSj  either  not  at  all  or  very  imperfectly ,  imitated  by  art,  because  the 
principle  of  life  and  the  action  of  organs  greatly  modify,  and  some- 
times  suspend  or  reverse^  the  chemical  action. 

3.  Animal  substances,  in  particular,  are  the  result  of  very  deUeate 
vital  processes  mid  of  a  complicated  organization ;  the  balance  of  af- 
finities is  easily  disturbed,  by  chemical  agents,  and  we  are  constant- 
ly in  danger  of  altering  or  subverting  their  constitution. 

4.  In  general,  the  composition  of  animal  bodies  is  similar  to  thai 
ofvegetcile;  both  contain  carbon,  hydrogen  and  oxygen;  but  car- 
bon predominates  in  the  vegetable,  hydrogen  in  the  animal  kingdom. 

5.  In  the  latter,  there  is  less  oxygen,  as  animal  substances  afford 
less  acid,  in  their  decomposition ;  some  animal  bodies,  as  jelly,  are 
however  more  prone  to  the  ascescent  than  to  the  putrefactive  state. 

6.  Most  animal  bodies  contain  nitrogen,  in  abundance,  while  most 
vegetables  contain  none  of  it ;  it  exists  however  in  some  of  the  latter, 
as  in  the  fungi,  in  gluten,  in  mustard,  cabbage,  and  generally  in  the 
cruciferous  and  papaveraceous  plants,  and  in  the  nitrous. 

^    7.  Phosphorus  and  sulphur  also  exist,  in  considerable  quantities, 
in  animal  bodies,  but  more  sparingly  in  vegetable. 


*  Of  these  I  have  not  thou^^ht  it  necessary  to  give  any  account,  among  the  vecetm- 
ble  bodies,  for  although  most  of  them  are  probably  of  vegetable  origin,  they  belong 
rather  to  the  science  of  mineralogy,  and  are  treated  of  in  a  distinct  coarse  of  lec- 
tures, in  the  institution,  for  which  mis  work  is  more  particularly  designed.  Birdlime  is 
mentioned,  by  some  writers,  as  bearing  some  analog3r  to  caoutchouc,  and  I  had 
drawn  up  a  notice  of  it,  but  have  omitted  it,  in  compliance  with  genend  custom, 
and  because  the  space  wat  needed  fi>r  other  sotyjects. 
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8.  J>/itrogeny  Pkosphorus  and  Sulphur,  are  the  principal  things 
which  modify  the  products  from  anima)  substances,  when  they  are 
decomposed,  either  naturally  or  by  art. 

9.  Phosphuretted,  sulphuretted,  and  carbureiicd  hydrogen  gases, 
empyreumatic  (n7,  prussic  and  acetic  acids  and  ammonia^  are  the 
chi^ products  which,  by  putrefaction  or  by  fire,  arise  from  this  peculiar 
constitution ;  and  after  heating  b  close  vessels,  charcoal  remains  with 
phosphoric  salts. 

10.  Animal  carbon  is  frequently  brilliant ,  and,  in  appearance, 
almost  metallic ;  its  clarifying  powers  exceed  those  of  die  vegetable 
carbon;  it  is  of  difficult  combustion  and  is  much  involved  with  phos- 
phates, and  with  oxides  of  iron  and  manganese. 

11.  Carbonic  acid  and  ioater  are  also  evolved  in  the  destructive 
distillation  of  animal  bodies;  carbonic  oxide,  as  well  as  hydrogen 
and  nitrogen,  or  their  products,  are  also  liberated. 

12.  Nitrogen  is  separated  from  animal  muscle  by  tlie  action  of  di- 
luted nitric  acidj*  and  if  the  experiment  be  properly  conducted,  the 
acid  is  not  decomposed.  Nitrogen,  as  has  been  ahready  stated,  ex- 
ists m  all  the  vegetable  alkalies. 

13.  In  general,  animal  bodies,  when  dead,  are  much  more  prone 
to  putrefaction  than  vegetable,  and  the  odor  which  they  exhale  is 
much  more  fetid ;  oils  and  cholesterinef  do  not  contain  nitrogen  and 
do  not  putrefy ;  animal  matters  rarely  run  into  tiie  vinous|  or  ace- 
tous fermentation. 

14.  A  few  vegetable  substances  putrefy  like  animal  bodies,  as 
cabbage,  fungi,  gluten,  iic.  and  they  contain  nitrogen. 

15.  With  respect  to  the  origin  of  the  elements  of  animal  matter, 
the  carbon,  hydrogen  and  oxygen  are  obtained  from  obvioifs  sources, 
in  vegetables  and  in  air ;  if  the  nitrogen  of  animak  is  not  derived 
from  the  air,  it  probably  enters  more  abundantly  bto  the  original  con- 
stitution of  vegetables  than  was  formerly  supposed ;  still  tlie  sup- 
ply of  nitrogen  for  animals,  from  vegetables  of  known  constitution, 
is  insufficient,  especially,  as  several  of  the  azotized  vegetables, 
are  poisonous;  unless  therefore  nitrogen  is  absorbed  in  respira- 
tion, its  origin  in  animals  is  not  well  accounted  for,  especially  as 
it  is  equally  abundant  in  graminivorous  and  herbivorous  as  in  carniv- 
orous animals;  it  may,  possibly,  be  a  compound  substance,  and 
then  it  might  be  formed  from  its  elements. 

t  Phosphorus  and  sulphur  exist  in  vegetables,  but  it  would  seem  in 
quantities  insufficient,  at  least,  in  the  case  of  phosphorus,  for  all  that 
is  found  in  animals. 


"  Vol   I,  p.  193. 

1  A  subbtiuice  icacrabiii)^  .>|Kiniaccti ;  it  i:>  luutid  in  Ihc  bill   auU  biJiary  coiicio- 
tiuns  ;  Milk  alloiUs  an  intoxicating;  lluiU 

Vol.  II.  ()9 
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ulthutb  um  eubmbvtabt  akausis. 

/n  rdation  to  this  tapicj  all  thai  uhu  ttated  respecting  vegetahles^ 
(p.  392,)  it  applicable  to  animal  bodies.  Thus,  by  patrefaetioa  or 
by  fire,  the  hydrogen  and  nitrogen  may  combine,  m  such  a  manner 
as  to  produce  ammonia,  aldiough  in  the  natural  staie  of  animal  bodies, 
it  exists  only  sparingly  in  them. 

The  accurate  elementary  analysis  is  conducted  upao  the  same 
principles  and  in  the  same  manner  as  has  been  described  in  relatioQ 
to  vegetables.*  In  the  bodies  that  are  neither  acid  nor  olea^nous, 
die  hydrogen  is  sufficient  to  convert  their  oxygen  into  water,  and  tbeir 
nitrogen  into  ammonia,  and  there  is  much  carbon  besides. 

It  is  considered  as  probable  that,  in  animal  acids,  the  oxygen  and 
nitrogen  are  in  excess  in  relation  to  the  hydrogen,  that  is,  ihey  are 
more  in  quantity  than  is  necessary  to  form  water  and  ammonia ;  that 
in  the  oils  the  hydrogen  is,  in  these  respects,  in  excess,  and  that  in 
other  principles,  the  proportions  may  not  correspond  with  either  of 
these  statements. 

That  the  elements  of  animal  matter  are  united  in  equivalent  pro- 
portions, is  not  yet  so  fully  established  as  b  the  case  of  vegetables, 
but  as  it  has  been  proved  to  be  true  m  several  cases,  there  can  be  no 
reason  to  doubt  that  this  is  generally  the  fact. 

PBOXXXATB    PRINCIPLES    OP   ANIMAL   SUBSTANCB8. 

1.  TTu}se  hitherto  ascertained  are  fewer  tlum  in  vegetables  ;  they 
are  obtained  by  simple  processes,  which  probably  give  themj  nearly 
as  they  existed  in  their  natural  state. 

2.  Instances ;  melt  solid  fat  to  separate  it  from  the  membranes, 
fcc. ;  boil  a  bone,  the  gelatin  will  be  dissolved,  and  if  strong,  it 
will  concrete  or  gelatinize,  on  cooling,  and  the  oU  will  float ;  break 
ui  egg,  the  white  is  nearly  pure  albumen,  and  becomes  solid  by  a 
fnoderate  heat ;  blood,  by  mere  repose,  becomes  a  clot,  and  the 
serum  which  is  chiefly  albumen,  spontaneously  separates,  and 
by  heat,  coagulates ;  the  clot,  if  carefully  washed,  aflbrds  a  white 
fibrous  matter  analogous  to  the  basis  of  muscle  ;  it  is  Jibrinj  &c.,  as 
will  appear  imder  the  various  articles. 

Sec.  I.— <}«latin. 

Orioin-^ihportance. 

1  •  One  of  the  most  important  and  most  distinct  of  the  animal  prin^ 
dples;  and  so  abundant  that  there  is  scarcely  any  organ  without  it. 


*  Reference  may  be  bad  to  Ibe  autbnrities  cited  p.  398,  note,  and  alio  to  Mr.  Por* 
rett,  in  the  Phil.  Trans.  1815;  Dr.  Prout,  in  IS27;  Ann.  de  Cbira.  et  dc  Pfayi. 
Vol,  ▼,  p.  290,  and  Ann.  de  Chim.  Vol.  xcvi,  p.  dS. 
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2.  The  skin  affords  more  ofii  than  any  other  part}  it  is  contained 
largely  in  the  membranes,  tendons,  aponeuroses,  ligaments  and  carti- 
lages; even  in  the  bones  and  ''bard  bony  boms,''  and  generally  in  aO 
white  solids,  and  most  of  the  soft  white  parts.*  In  the  proportion  of 
from  2  or  3  to  7  or  8  per  cent^^  it  forms  the  natural  cement  of  shells* 

GELATIN. 

I.  Extraction. 

Gelatin  is  obtained^  simply  by  boiling  the  substances  Containing 
it  in  water,  for  more  or  less  time,  according  to  the  natinre  of  the 
material. 

II.  Properties. 

(a.)  2^he  solution  is  transparent  and  white,  or  only  slightly  color«> 
ed ;  if  gently  evaporated  to  a  sufficient  degree,  it  gelatinizes^  that  is, 
it  fixes  into  a  soft  tremulous  solid,  of  which  calves  foot  jelly  is  an 
example ;  it  is  a  hydrate  and|  by  mere  warming,  dissolves  again 
in  its  own  water. 

(6.)  By  continued  gentle  evaporation,  it  concretes,  on  coolings 
into  a  firm  soKd,  with  a  vitreous  fracture,  commonly  of  a  brown  col- 
or,f  and  only  slightly  transparent. 

In  various  degrees  of  consistence,  it  is  known  in  the  arts,  by 
the  names  of  glue,  size,  portable  soup,  isinglass  or  ichth^ocol,  8cc. 

(c.)  Properties  of  dry  gelatin;  if  pure^  it  is  insipid  and  nearly 
transparent  and  colorless.! 

{d.)  In  tDater^  it  swefls  and  becomes  elastic }  voiih  heat,  it  dis* 
solves,  forming  a  solution  like  the  original  one,  and  the  solid  glue 
may  be  recovered  bv  another  evaporation ;  these  desiccations  and  re- 
solutions may  be  indefinitely  repeated,  without  change  of  properties ). 
this  distinguishes  gelatin  from  albumen,  which,  after  coagulation  by 
heat,  is  no  loneer  soluble. 

(e.)  Tremulous  gelatin  dissolves  in  a  little  warm  water,  and  again 
gelatinizes  on  coolmg;  if  recently  congealed,  it  dissolves  in  cold 
water. 

(/!)  Dry  gelatin,  I  part,  dissolved  in  100  of  hot  water,  gek^ 
tintzes  on  cooling;  but  with  150  of  water,  although  gelatinous,  it 
does  not  concrete  on  cooling^-— £o«<ocA;. 

(£*.)  When  solid  and  dry,  gelatin  is  indestructible  and  unaltera* 
bleoy  the  air;  in  solution,  it  soon  putrefies,  some  say  with  a  previous 

E reduction  of  acetic  acid,  (but  this  is  questioned,)  and  it  finally  ex- 
ales  ammonia. 

(A.)  Insoluble  in  alcohol,  although  not  readily  precipitated  by  k 
from  an  aqueous  solution,  which  however  is  made  turbia  by  alcoholi 


*  Aikinf.  f  As  we  see  it  in  the  glue  of  the  carpentersi 

t  The  common  glue  is  opake  and  brown  from  impuritiei. 
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but  unless  a  very  large  quantity  is  added  to  a  strong  solution  of  gela- 
tin, it  becomes  again  clear.  Alcohol,  in  great  excess,  forms  a 
pernmnent  precipitate. 

(i.)  Heat  causes  dry  gelatin  to  swell  and  curl  like  horn;  it  gives 
out  an  ammoniacal  oily  liquor,  leaving,  especially  in  close  vessels,  a 
bulky  coal,  equal  in  weight  to  about  y\  of  the  gelatin  ;  when  ig- 
nited in  the  open  air,  tliis  coal  burns  away  almost  completely,  al- 
though not  very  readily,  and  leaves  1.5  gr.  of  phosphate  of  soda  and 
phosphate  of  lime,  for  every  66  grs.  of  coal. 

{j.)  Gelatin  is  equally  soluble  in  acids  as  in  water. 

1.  Nitric  addj  diluted  and  coldj  dissolves  i^,  apparently  without 
alteration  ;  it  is  thus  separated  from  albumen,  paiticiilarly  as  it  exists 
in  cartilage. 

The  nitric  solution  is  of  a  pale  yellow,  deepening  by  evaporation. 

Strong  nitric  acid  decomposes  gdatin^  and  is  decomposed  by 
it  ]  nitrous  gas,  nitrogen,  and  sometimes  even  sparks  and  flame,  arc 
evolved ;  if  the  action  has  not  gone  too  far,  oxalic  and  malic  acids 
are  also  produced.  The  tremulous  gelatin  of  fish  glue,  dissolves 
very  readily  in  acids. 

2.  Cold  muriatic  add  easily  dissolves  gelatin^  and  the  solution 
keeps  for  months ;  this  acid  separates  it,  completely,  from  the  dense 
albumen  of  animal  compounds.  Still,  dilute  muriatic  acid  dissolves 
out  the  phosphate  of  lime  from  bones  and  leaves  the  gelatin,*  re- 
taining the  shape  of  the  bone.f 

3.  Sulphuric  acid  dissolves  it  more  slowly  and  less  perfectly.  It 
converts  gelatin  into  a  species  of  sugar  ;  powdered  glue  was  mixed 
with  twice  its  weight  of  strong  sulphuric  acid,  and  after  one  day,  three 
limes  as  much  water  was  added  and  boiled  for  5  hours,  the  water 
being  renewed  as  it  evaporated ;  the  excess  of  acid  was  removed  by 
chalk,  and  the  filtered  and  evaporated  fluid,  in  the  state  of  syrup, 
being  left  to  itself  for  one  month,  afforded  crystals  of  sugar.  Af- 
ter washing  with  weak  alcohol,  and  after  a  second  solution  and 
crystallization,  the  crystals  were  firm  and  cracked  between  the  teeth 
like  sugar  candy  ;|  still  this  sugar  does  not  dissolve  in  alcohol  nor 
ferment  with  yeast ;  it  dissolves  in  nitric  acid  and  affi)rds  ammonia 
by  destructive  distillation. 

4.  Common  vinegar^  with  a  gentle  heat,  dissolves  isinglass^  and 
forms  a  very  useful  cement.^ 


*  The  two  hctB  stated  in  this  paragraph  are  not  ioconsistent ;  the  acid  prefers  the 
phoAphate  of  lime  to  the  gelatin. 

t  For  Mr.  1.  Doo1itUe*8  notice  of  the  extraction  of  gelaUn  from  bones,  in  Paris, 
see  Am.  Jour.  Vol.  i,  p.  171. 

t  For  other  particulars,  sec  Braconnot*s  memoir,  Ann.  de  Chim.  ctd©  Pliys.  Vol 
xii,  p.  118.  §  Henry. 
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Glue,  dissolved  in  water,  is  not  affected  by  sulphuric  or  muriatic 
acid.     Alkalies  give  no  precipitate  in  the  acid  solutions  of  gelatin. 

(k.)  Hot  aUcalieSj  token  caustic^  dissolve  it  with  great  ease,  form- 
ing a  brownish  viscid  substance,  unlike  soap  and  not  precipitated  again 
by  acids  ;  fibrin,  albumen,  and  most  soft  parts  of  animals,  on  the  con- 
trary, form  a  soap  which  curdles  with  acids. 

(I.)  Metallic  soltUions ;  among  them,  nitrate  of  silver  and  muriate 
of  tin  produce  a  slight  opacity,  and  muriate  of  gold  gives  a  small 
portion  of  a  dense  precipitate.* 

(m.)  Tan  or  tannin  is  the  most  delicate  and  useful  precipitant  of 
gdaiin ;  an  infusion  of  1  oz.  of  nut  galls  to  1  pint  of  water  pre- 
cipitates 1  part  of  gelatin  from  5000  of  water.f  Strong  solutions 
of  gelatin  and  tannin  give  a  dense  coagulum,  compressible  by  the  fin- 
gers and  very  extensible  by  pulling  ;  it  smeUs  like  new  tanned  leath- 
er, and  appears  to  be  very  nearly  like  that  substance ;  it  is  imper- 
vious to  water,  insoluble  in  it  and  imputrescible ;  an  infusion  of  any 
astringent  vegetable,  as  catechu,  galls  or  oak  bark,  gives  a  precipitate 
with  gelatin.^     (See  p.  446  of  this  volume.) 

Albumen  is  also  precipitated  by  tannin,  but  if  the  solution  is  dilute, 
not  till  after  some  hours,  so  that  an  immediate  precipitation  in  a  diluted 
fluid  indicates  gelatin.  Concentrated  albumen  gives  an  inmiediate 
precipitate.^ 

(w.)  Composition  of  gelatin  according  to  Gay-Lussac  and  Thi- 
nard;  the  analysis  was  performed  by  chlorate  of  potassa. 

Carbon,         -  -  -  -  47.88 

Oxygen,        ....  27.21 

Hydrogen,    ...  -  7.91 

Azote  or  nitrogen,      -  -  -  17. 

100.00 
Dr.  Henry  gives  the  following  equivalent  numbers  as  those  that  corres- 
pond nearest  to  this  analysis;  carbon,  15  equiv.  =  90,  oxygen,  6  == 
48,  hydrogen,  14,  nitrogen,  2  =  28  a  180.  It  is  remarkable,  that 
Dr.  Prout  found  in  albumen  the  same  elements  and  in  the  same 
proportions. 


*  See  a  table  in  ThomaoD's  Chem.  Vol.  lY,  for  more  eflects  of  metaUie  tests. 

t  The  filtered  aqueous  extract  of  rhatania  is  a  good  form  for  preserving  diis  test. 
— Henry. 

t  For  exhibition,  a  strong  infusion  of  galls  may  be  added  to  a  dense  one  of  glue 
or  isinglass,  stirring  it  gently  with  a  glass  rod,  around  which  it  will  collect  in  a 
pretty  firm  mans ;  this  may  bo  slipped  off  into  the  palm  of  the  hand  and  pressed  to 
free  it  from  water.  We  begin  to  extend  it  by  pressing  and  gentle  puUmg,  and 
with  the  aid  of  an  assistant,  it  will  ropo  out  several  yards  in  length ;  when  dry  it 
wUl  be  brittle. 

§  The  coagulation  of  albumen  by  heat  will  always  distinguish  it  from  gelatin. 
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in.  Uses.* 

1.  OelatinuhigUynutritiout;  hfernis  the  most  tfoportantingreA- 
ent  in  soups  and  broth,  and  is  difitised  more  or  less,  ihrough  the  greater 
pan  of  our  animal  food.  When  evaporated  with  care,  k  reouas 
much  of  the  flavor  of  the  substance  which 'ifibrded  h. 

2.  Joiners^  glue  is  the  concentrated  gelatinous  extract  of  the  skias, 
ears,  and  other  firm  parts  of  mature  animab ;  the  akin  of  the  Rhi- 
noceros a£Ebrds  an  admirable  glue.  jThe  size  of  tie  poper  makn 
ii  a  dilute  glue;  it  fills  the  pores  of  the  paper  and  prevents  the  iak 
from  spreadhig. 

3.  ParicAle  «otfp.— ^Meat  b  boiled ;  the  fluid  is  akkmiied  and  aUor- 
ed  to  cool,  to  separate  the  oil  which  floats ;  the  extract,  after  beiag 
boiled,  clarified  bj  whites  of  eggs,  and  strained  through  flannel,  is 
evaporated  to  a  verj  thick  paste  and  spread,  rather  tfaio,  upon  a 
smooth  stone,  and  then  cut  mto  cakes  and  dried  in  a  stove  till  it  be- 
comes brittle ;  the  cakes,  if  dry,  will  keep  four  or  five  years,  aod 
when  they  are  to  be  used,  they  are  redissolved. 

Calvei  foot  jelly. — The  preparatuo  is  similar,  only  the  aolutioD  is 
evaporated  to  such  a  state  that,  on  cooling,  it  will  form  tremuioiis  ge- 
latin, and  while  it  is  fluid,  wine,  lemon  juice,  sugar,  be.  are  added 
for  the  flavor,  and  sometimes  dyeing  coJors,  to  produce  an  agreeable 
hue.f  Gelatin  is  said,  by  Berzelius,  not  to  exist  in  any  of  the 
healthy  animal  fluids. 

Fish  glue,  (ichthyocol,)  is  extracted  from  the  sounds  or  air  bladder 
of  a  fish,  of  the  genus  Acipenser;  usually  spoken  of  as  a  sturgeoo. 

Chlorme  converts  gelatin  into  a  kind  ot  animal  membrane;  it 
takes  bvdrogen  from  it  and  forms  muriatic  acid. 

4.  Tanning. — ^The  skins  are  freed  from  horns,  hoofs,  muscle,  fat 
and  hair ;  tools  are  used  in  cutting,  scraping,  shaving,  inc.  and  chem- 
ical agents  are  employed,  especisdiy,  lime  or  acids,  derived  Srom  the 
fermentation  of  rye,  or  barley,  or  bark,  or  diluted  sulphuric  acid; 
or  incipient  putrefaction,  to  favor  which  the  skins  are  kid  in  heapSi 

The  skin,  being  little  eke  than  gelatin  entangled  in  fibrous  matter, 
is  now  subjected,  in  vats,  to  the  action  of  oak  bark,  hemlock,  efaesnul^ 
or  other  materials  containing  tannin,  h  is  applied  both  in  substance, 
by  stratifying  the  skins  with  the  ground  bark,  and  by  the  action  of 
water  which  dissolves  out  the  tannin  and  conveys  it  to  the  glue.  At 
first  a  cold  and  afterwards  a  hot  infusion  is  applied ;  the  ground 
bark  is  boiled  or  simmered  in  water  and  applied  to  the  skin  at  aboa( 
blood  heat ;  if  much  hotter,  it  injures  the  leather.    The  process  of 


*  For  a  particular  accoant  of  the  Tarietiea  of  gelatin  and  their  mode  of  prepara- 
tioD,  tee  Aikin*8  Diet.  artieU  Gelatin,  also  Thomson's  Chemistry,  Tol.  Iy  ;  Hatcb- 
ett's  Memoirs  in  Phil.  Trans.  1797  and  ISOO;  Johnson's  Animal  Chem.  Vol.  i,  pMh 
and  Gay-Luasac,  Cours,  Vol.  ii,  p.  8.  t  Sailhon,  cochineal,  lite. 
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ttimiiig  has  been  shortened  bom  two  or  three  years  for  thick  leather, 
to  six  or  eight  months,  and  from  twelve  or  eighteen  months  to  two  or 
three,  for  thin  leather*  On  small  quantities,  it  may  be  made  effectn- 
al  in  a  few  days  or  even  hours,  although  the  leather  is  not  thought  to 
be  so  good.  I  have  a  piece  of  goat  skin,  well  tanned,  curried  and 
colored,  which  was  on  the  body  of  the  living  animal  early  in  the 
mombg,  and  the  same  evening,  at  the  distance  of  fifteen  hours,  was 
worn  in  finished  shoes,  in  the  state  in  which  I  now  have  it.* 

It  is  my  object  in  this  place,  merely  to  point  out  the  principle  of 
this  important  art ;  the  details  of  the  modem  improvements,  would 
occupy  too  much  space  in  a  concise  work.f 

Leather  is  very  indestructible;  it  lasts  a  long  time  under  water 
as  in  water  pumps,  and  still  longer  in  a  dry  air  as  may  be  seen  in 
many  ancient  reiics.| 

Sec.  II. — Albumen.^ 

Remark. — The  white  of  an  egg  contains  albumen  in  the  purest 
form  in  which  it  is  known ;  it  is  still  combined  with  some  salts,  with 
sulphur,  and  with  a  little  soda ;  even  whenfresh^  it  contains  free  soda^ 
and  turns  the  delicate  blue  vegetable  colors,  as  syrup  of  violets,  green } 
the  washings  from  the  coagulated  albumen,  evaporated  to  |,  turn  tur- 
meric brown. 

I.  Properties. 

(a.)  By  agitation  with  water y  it  is  perfectly  soluble  in  that  fluid, 
in  every  proportion,  and  forms  a  glairy  fluid. 

(6.)  Coagtdable  by  heat,  even  by  hot  water;  this  is  its  character- 
istic property;  the  coagulation  takes  place  at  160^  F.,  and  at  212° 
a  solution  in  water  of  y^Vw  of  albumen  coagulates. 

(c.)  From  100  grs.  of  thin  slices  of  coagulum,  4jgrs.  of  an  un- 
coagulable  brownish  viscid  fluid  ooze  out,  and  after  a  gentle  contin- 
ued heat,  the  residuum  weighs  15J  grs.;  yVo  sire  therefore  water. 

(rf.J  Albumen,  when  coagulated,  weighs  just  as  much  as  when  fluid; 
its  fluidity  has  been  imputed  to  the  soda,  and  in  the  coagulation  this  al- 
kali is  supposed  to  pass  to  the  water  of  the  solution,  or  to  acids  or  alco- 


*  On  the  testimony  of  a  gentleman  of  high  character  in  Boston,  in  a  personal  com- 
munication to  the  author. 

f  See  Chaptars  Chem.  Philos.  Mag.  Philos.  Trant.  Ann.  de  Ch.  et  de  Pb. 
Urc*8  Diet.  One  of  the  roost  curious  of  the  mechanical  improvements  connected 
with  tanning,  is  the  splitting  of  the  hides  in  the  direction  of  their  length,  by  which 
two  skins  are  made  out  of  one ;  it  is  done  by  a  machine  with  perfect  accuracy,  as  in 
the  establishment  of  the  Messrs.  Gilbert,  at  New  Haven. 

\  For  instance,  the  saddle  of  Henry  IV,  in  Westminster  Abbey,  Lord  Damley's 
boots  and  other  personal  articles  in  Holyrood  House,  Edinburgh. 

§  This  is  the  Latin  for  white  of  an  ogg.  It  is  not  a  classical  name  but  one  intro« 
duced  by  physiologists. — Tliomson. 
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dtie  of  74.5  gra.|  of  which  63.25  were  ooal,  «ad  the  remftiader  ^hoB^ 
phate  of  fime,  phoifrfMie  of  sodia,  and  a  )Mle  carbonaie  of  Kme. 

(t.)  Camposiiiant  according  to  Craj-LuBBac  and  Tb^oepd,  eattna 
53.883,  oxygen  33.873,  hydrogen  7.540,  nitrt^en  15.705^100. 

The  nearest  approximation  lo  chemical  equknrieots  is,  in  the  ofMB- 
km  of  Dr.  Henry,  to  carbon  17  equiv.  «  lOS^  +  oxygen  6'=£48,  -{- 
hydrogen  13,  +  nitrogen  3=38=191,  which,  except  in  the  oifca- 
cen,  does  not  diibr  a  unit  from  the  ratioe  foond  by  Gay-ljussnc  and 
Tb^nard.  Dr,  Front's  anahrsis*  gives,  svbstaiitialy,  the  same  com- 
positioa  U)  albumen  as  Gay-tiussac  and  Thinard  assigned  to  gelaiiB; 
It  was  carbon  50,  hydrogen  7.78,  oxygen  36.67,  nioogeo  15.55,  oor- 
pesponding  to  15  equiv.  =90  of  the  first,  14  of  the  second,  0^=^48, 
of  the  third,  and  2  =£38  of  the  fourth,  =180;  the  difiereaee,  II, 
being  made  up  of  3  equiv«  less  of  carbon  and  1  of  hydrogen.  Dr. 
Prout  has  nouced  what  he  calls  an  incipient  albumen,  supposed  to 
be  in  progress  towards  its  perfect  state.f 

II.  Natural  sources  and  uses. 

(o,)  Jltbmmm  is  Ae  first  <fih$  scft  pmis  of  animals  that  Isjorwh' 
fi),  and  the  other  parts  are  produced  from  it. 

(i.)  It  is  ike  bam  rfcamlagej  naiis^  shelly  Aom,  and  hair  ;  it  en- 
ters into  the  composition  of  the  vessels  that  conv^  the  fluids ;  k  ex- 
ists in  skin,  glands,  membrane,  bone  and  muscular  fibre,  and  is  diete- 
ibre  found  both  in  the  solid  and  fluid  form. — Hatehett. 

(e.)  There  ere  f>arietie$  of  Jbumen^  as  ikere  are  of  gelatin  ;  in 
abundance,  it  is  next  after  that  principle  in  the  animal  i^stem ;  it 
forms  the  basis  of  the  serum  of  blood ;  of  the  coagulab}e  oart  of  mift, 
(cheese ;)  of  the  wbke  af  eggs,  and  exists  largely  in  the  Uquor  of 
dropsy  ;  it  is  found  in  the  chyk,  and  in  the  eye,  especially  in  tfae  vi- 
treous and  crystalline  humors ;  in  the  fluid  of  bums  and  blisters  ;  in 
that  of  the  pericardium  ;  of  the  ventricles  of  the  brain,  and  w  xnany 
other  animal  fluids,  especially  those  secreted  by  die  serous  mem- 
branes. 

{d,)  It  is  very  ntUritiow^  and  enters  largdy  into  our  aliment. 

(e.)  In  consequence  of  its  coagulating  by  heat  and  by  acids,  k  is 
wed  to  dar^y  liquorsy%  and  the  syrup  of  sugar ;  for  the  latter  pur- 
pose blood  is  employed ;  in  cider  and  wine,  the  atbumen  is  coagula- 
ted by  the  vegetable  acids  and  by  acidulous  salts. 

(/.)  It  has  been  already  stated  that  albumen  exists  in  many  nf 
the  0Meiform  plants,  e.  g,  cress,  scurvy  grass,  cabbage,  &c.  and  in 


•  Add.  Phil.  Vol.  lui. 

♦  Aon.  Philoi.  Vol.  xv.  p.  25, 274. 

X  Dried  albumen,  prepared  from  blood,  or  b'^Uer  from  whites  of  eggs,  is  used  in 
Frvice  for  clarifying  wine.     Eng.  Quar.  Jour.  Vol.  xv,  p.  335. 
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those  vegetable  fluids  that  enter  faito  the  Tinous  fermentation,  without 
the  addition  of  yeast;*  found  also  in  starch  water,  which  grows  tur- 
bid by  heat,  and  deposits  albumen.  ' 

(g.)  A  soliUion  oftohitts  qfeggn,  in  water,  is  used  by  Uather  dres'^ 
sets  to  render  their  leather  supple^  and  it  is  employed  to  remove  con- 
traction and  rigidity  of  the  tendons;  the  alum  curd  of  Riverius,  used 
to  remove  inflammation  of  the  eyes^  is  made  by  beating  in  a  basin 
whites  of  eggs  with  a  piece  of  alum.f 


It  is  not  my  intention  to  attempt  a  minute  account  of  atiimal  bodies, 
.but  under  each  proximate  principle  I  will  mention  the  most  important 
parts  in  which  it  exists. 

PABTS  OF  ANIMALS  CONTAINING   GELATIN   OA   ALBUMEN,   with   Othct 

principles. 

1.  Bones. — ^It  has  been  already  stated,  that  they  contain  gelatin 
and  phosphate  of  lime,  to  which  add  phosphate  of  magnesia  trnd  car« 
bonate  of  lime,  beside  oil  and  marrow^  (which  is  a  variety  of  oil,) 
and  occasionally  some  other  things. 

Diluted  nitric  or  muriatic  acid,  as  before  mentioned,  dissolves  out 
the  earthy  matter  and  leaves  the  geladn  in  shape ;  it  resembles  co^ 
agulated  albumen,  and  being  first  formed,  it  is  the  mould  in  which 
the  earthy  matter  is  cast.  I  shall  not  repeat  what  has  been  said  of 
the  products  from  bone  by  fire.  J 

Composition  of  some  varieties  of  bones. 

1.  Ox  bones;  animal  matter  dl,  phosphate  df  lime  97.7,  carbo* 
nate  of  lime  10,  phosphate  of  magnesia  1.3.^ 

2.  I)ry  ox  bones  gave  very  nearly  the  same  result ;  the  carbonate 
of  lime  was  3.85. 

3.  Human  bones}  gelatin  or  cartilage  32.17,  blood  tessels  1.13^ 
(=33,30  animal  matter,)  phosphate  of  lime  Sl.04,  carbonate  of 
lime  11.30,  phosphate  of  magnesia  1.16^  fiuate  of  lime  2 ;  soda,  mu*** 
riate  of  soda,  water,  be.  1.20=100. 

4.  Enamel  of  ox  teeth  gave  only  3.56  cartilage,  but  there  was 
81.  phosphate  of  lime,  4.  fluate  of  lime,  7.10  carbonate  of  lime,  3< 
phosphate  of  magnesia,  1.34  soda,  salt  and  waten 


*Sof^in  inferred  that  itb  tlie  true  priDciple  of  fermeiitatiMi ;  that  it  pOMCMW 
three  decrees  of  solubility,  and  that  the  more  soluble  the  more  powerful  it  is, 
t  Nicholson's  Dictionary.  I  Vol.  i,  p.  2W  and  439. 

}  Vauquelin  and  Fourcroy. 
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5.  Hvman  enarndf  {analy$i$  by  BerzdkiSj)  gave  jrfiosphate  of  firae 
85.3,  carbonate  8,  fluate  of  lime  3.2,  phosphate  of  magnesia  1 .6,  »- 
dai  salt,  &c.  2,  but  no  cartilage.  {Andym  byPmfs;)  phosphate  of 
lime  78,  carbonate  6,  loss  and  water  16.  Dr.  Heniy  suggests  tfa« 
this  loss  may  be  owing  to  gelatin  dissolved  in  acids,  and  not  capa- 
ble of  being  again  precipitated  by  alkalies. 

6.  Teeth  in  nf6#/aiiee-— average  of  3  analyses,  of  roots — teetb  of 
aduhs  and  of  children--*phosphate  of  lime  61.3,  carbonate  5.3,  car- 
tilage 22.6,  loss  10.6. 

2.  Shells  ;  the  coverings  of  the  testaceous  animals.  lo  sheBs, 
the  carbonate  of  lime  predominates,  as  the  phosphate  does  in  booes ; 
in  those  of  molluscous  animals,  oysters,  clams,  muscles,  &cc.  carbo- 
nate of  lime  is  cemented  by  a  little  gelaiin  ;*  in  mother  of  pearl 
sbelk,  coagulated  albumen,  in  the  form  of  membranes,  intervenes  be- 
tween the  layers  of  carbonate  of  lime ;  the  pearl  itself  has  the  same 
structure,  and  its  beauty  is  owing  to  a  peculiar  reflection  of  ligbt.f 

3.  Crusts — the  covering  of  the  crustaceous  animak,  such  as  lob- 
sters, crabs,  be.  In  these,  a  litde  phosphate  of  lime  is  united  with 
the  carbonate,  and  both  are  cemented  by  a  cartilaginous  matter  re- 
semhlbg  coagulated  albumen.  Egg  shell  has  a  similar  compositiaD 
midway  between  that  of  bones  and  of  shells. 

4.  Horns,  hoofs,  nails  and  scales. — Horns  contain  only  about 
1.5  of  earthy  matter,  and  but  half  of  this  is  phosphate  of  lime  ;  the 
substance  of  the  horn  is  cartilaginous,  like  coagulated  albumen  ;  it  is 
well  known  that  it  can  be  softened  and  moulded  into  any  form,  as 
in  the  manufacture  of  combs.  There  is  a  little  gelatin  in  horn, 
and  the  most  in  the  softest.  The  horn  of  the  buck  and  hart  is 
principally  indurated  gelatin,  with  a  little  phosphate  of  lime,  and 
IS  therefore  somewhat  analogous  to  bone.  The  coverings  of  tor- 
toises are  similar  to  horn,  and  so  are  hoofs,  nails,  talons  and  claws 
of  birds  and  animals,  and  quills,  (particularly  the  tube  part,)  and  the 
horny  coverings  of  insects ;  all  these  are  coagulated  albumen  with  a 
little  phosphate  of  lime.  The  scales  of  serpents  and  of  amphibia  are 
much  like  horn ;  those  of  fish  are  composed  of  layers  of  membrane 
and  phosphate  of  lime. 

5.  Cartilage  ;  this  has  been  generally  considered  as  coagulated 
albumen,  nearly  pure.  For  some  peculiarities  of  the  cartilage  of  the 
Squalus  peregrinus,  see  Henry,  Vol.  Ji,  p.  510. 

6.  Hair,  wool  and  feathers. — Hair  is  bdurated  albumen,  io- 
solubie  in  cold  water,  but  soluble  by  the  aid  of  a  regulated  heat  and 


*  Some  prefer  to  call  it  indurated  albumen. 

t  See  an  Interesting  illustration  of  this  subject  in  Count  Bournon's  Mineralogy; 
he  traces  beautifully  the  analogy  between  the  animal  and  mineral  carbonate  of  lime. 
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pressure ;  nitrate  of  sflver  is  blackiened  by  the  solution,  and  hair  is 
blackened  by  the  nitrate. 

Alcohol,  by  maceration,  dissolves  out  of  hair  an  oily  matter,  in 
which  its  color  resides;  there  are  also  some  portions  of  silica,  carbo- 
nate and  phosphate  of  lime,  and  oxides  of  iron  and  manganese. 
Wool*  is  only  a  variety  of  hair,  and  feathers  are  similar. 

7.  Silk  has  been  but  imperfectly  examined  ;  the  varnish  is  solu- 

)  ble  in  boiling  water  and  in  soap  and  the  soap  leys  ;f  it  forms  .23  of 

the  silk.J     Nitric  acid  produces  with  it  a  bitter  principle.     A  weak 
i  acetic  acid,  secreted  by  the  silk  worm,  was  formerly  called  the  bom- 

I  bic  acid,  from  bombyx. 

8.  The  skin;  tendons;  ligaments f  memiranes, 

(a.)  The  epidermis  or  scarf  skin,  the  outer  skin,  which  is  raised 
I  in  blisters  and  in  burns,  appears  to  be  composed  of  coagulated  al- 

I  bumen. 

i  .  (&.)  The  rete  mucosum,  or  mucous  substance,  or  reticular  tissue,  ly- 

I  ing  between  the  epidermis  and.  the  cutis  vera ;  its  composition  has  not 

I  been  precisely  determined  ;  in  this  the  color  of  the  negro  resides, 

i  and  Dr.  Beddoes,  having  first  made  the  trial  on  the  fingers,  then  im- 

I  mersed,  for  some  time,  the  feet  of  a  negro  in  an  aqueous  solution 

of  chlorine ;  they  were  rendered  almost  white,  but  in  a  few  days  the 
color  returned  in  full  intensity.^ 
I  (c.)  The  cutis  vera. — ^This  is  a  fibrous  membrane,  and  when  long 

I  boiled  in  water,  it  is  nearly  all  dissolved  in  the  form  of  gelatin. 

,  Tendons  or  sinews,  by  long  boiling,  give  a  solution  of  gelatin; 

they  are  similar  to  skin.     Ligaments  and  membranes  are  partly  solu- 
,  ble  in  water,  but  they  contain  a  substance  not  thus  soluble  ;  they  are 

composed,  apparently,  of  gelatin  and  albumen ;  the  serous  mem- 
branes furnish  no  gelatin  by  boiling. 

9.  Milk. — ^The  chief  constituent  of  milk  is  a  principle  analogous 
to  albumen. 

By  repose,  the  cream  rises  to  the  surface.  It  contains  whey  92, 
cheese  '3.5,  butter  4.5.  Butter  will  be  named  again,  under  the  oils. 
In  churning,  the  temperature  rises  3  or  4  degrees,  and  oxygen  is  ab- 
sorbed, but  it  Is  not  necessary  to  the  separation  of  the  butter,  as  it 
takes  place  when  air  is  excluded.  Butter  is  made  in  some  coun- 
tries by  churning  the  milk ;  but  the  product  is  not  so  good  as  that 
from  cream  alone. 


*  Wool  is  oDveloped  in  a  peculiar  oily  matter  called  the  yolk,  from  which,  in  the 
manufacture  of  cloth,  &c.  it  is  freed  by  scouring. 

t  By  the  successive  application  of  weak  leys,  alcohol  and  dilute  muriatic  acid. — 
Murray,  X  Ann.de  Chim.  Vol.  Ijv. 

§  Dr.  Thomson  in  Edln.  Encyc. 
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MSk^  with  or  without  the  cream,  u  eomdttUd  hy  wHm^*  by  many 
salts,  by  gum,  sugar,  and  various  vegetabk  juices,  and  by  the  gastric 
fluid.  It  has  been  said  that  milk  does  not  coagulate  by  heat,  but  the 
arises  from  its  dilute  state,  for  as  the  water  evaporates,  a  fihn  of  coag* 
ulated  albumen  appears,  and  the  whole  of  thai  principle  may  in  this 
way  be  removed.  The  cause  of  the  coagulation,  especially  by  rea- 
net,  is  obscure ;  a  piece  of  the  salted  inner  stomach  of  the  calf,  of 
the  size  of  a  half  crown,  will  coagulate  milk  enough  Ibr  a  cheese  of 
60  lbs.--IIefiry. 

The  albumen  of  milk  properly  pressed,  salted,  and  preserved,  is 
cheese ;  but  it  is  not  rich  unless  the  butter  remains  with  it,  and 
therefore  good  cheese  cannot  be  made  of  skimmed  milk.  That  fluid 
consists  of  water  928.75,  cheese  with  some  butter  28,  sugar  of  milk 
35,  nMiriate  and  phosphate  of  potassa  1.95,  acetic  acid,  acetate  of 
potassa  and  acetate  of  iron  ,6,  and  earthy  phosphates  .3.  After 
withdrawing  die  cheese,  the  rest  is  whey,f  which  will  be  meDtiooed 
again. 

It  has  been  already  mentioned  that  a  spiritous  fluid  is  formed 
frohn  milk,  and  called  koumiss.|  It  is  singular  that  the  milk,  after 
fermentation,  contains  as  much  sugar  of  milk  as  before ;  if  there  is 
no  mistake,  this  is  an  exception  to  the  laws  of  vinous  fermentatk»« 

10.  Eggs. — ^The  albumen  which  they  contain  has  been  already 
mentioned  ;  if  the  entire  egg  weighs  1000  grs.  the  white  weighs  604, 
the  yolk  290,  and  the  shell  106.  By  boiling,  the  egg  loses  .3  gr.,  the 
chief  thing  in  which  is  soda,|  and,  by  evaporation,  the  solution  be- 
comes decidedly  alkaline ;  there  are  also  present  minute  portions  of 
carbonate,  sulphate,  phosphate  and  muriate  of  lime  and  magnesia. 

The  yolk,  boiled  hard  and  digested  in  alcohol,  sp.  gr.  .807,  until  it 
takes  up  nothing  more,  becomes  white  and  pulverulent,  and  approxi- 
mates to  albumen.  The  alcoholic  solution  is  c^  a  deep  yellow  and  de- 
posits, on  cooling,  a  semi-fluid  oil  of  that  color,  and  some  sebaceous 
substance ;  the  oil  containing  the  color  of  the  yolk,  is  obtained  separ- 
ate, by  distilling  off  the  alcohol. 

It  is  remarkable,  that  while  the  white  ccmtains  sulphur,  the  yolk 
contains  phosphorus,  either  free  or  m  some  unknown  state ;  when 
the  dried  yolk  is  burned,  the  phosphorus  becomes  phosphoric  acid, 
which  forms  a  vitreous  investment  over  the  charcoal  and  screens  it 
from  combustion. 


*  The  acetic  acid,  (called  the  lactic,  when  generated  in  milk,)  \a  goon  generated] 
■pontaneoQflly,  in  milk,  and  produces  coagulatfon. 

t  For  a  notice  of  the  controverted  and  uncertain  principles,  the  caseous  add  and 
oxide,  I  refer  the  reader  to  Dr.  Henry's  and  Dr.  Turners  Chemistry;  to  the  Etag. 
Quar.  Jour.  Vol.  vii,  p.  891,  and  to  Ann.  de  Chim.  et  de  Phys.  October,  1S27. 

\  See  Phil.  Mag.  Vol.  xxxrii,  p.  6. 
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The  phosphorus  k  sunpoied  to  aid  in  some  onlmowD  way,  in  the 
fbrmatbc)  of  phosphate  of  lime  io  the  bones  of  the  chick.'*^ 

11.  Cbtle— *tbe  fluid  taken  up  by  the  lacteals  from  the  small  hi- 
testmes,  and  poured,  bv  the  thoracic  duct,  into  the  blood,  which  it 
suppites  with  the  notriuous  part  of  Sood  and  thus  preserves  the  sys- 
tem liom  waste. 

It  varies  in  its  appearance ;  if  drawn  from  a  mammiferous  animal, 
three  or  four  hours  after  eating,  it  is  white  like  milk,  with  a  taste  both 
salt  and  sweet.  It  soon  coagoktes  spontaneously,  and  a  firm  coagu- 
lum  is  iormed  in  twenty  four  hours.  It  resembles  the  albumen  of 
nilk  ;f  the  fluid  that  separates  by  being  heated,  affi>rd8  more  of  it, 
and  a  copious  precipitate  of  the  same  substance  occurs,  if  the  fluid  is 
boiled  with  acetic  acid ;  it  is  the  substance  which  Dr.  Prout  calls  in-> 
cipient  albumen.  His  analysis  of  die  chyle  of  two  dogs,  one  fed 
wttfa  vegetable  and  one  with  animal  food,  is  annexed. 

Vegetable  food.  Anloiftl/ood. 

Water,    -        -        -        93.6         -        -        89.2 
Fibrin,      ...        0.6  -        -  0.8 

Incipient  albumen,  4.6  -        -  4.7 

Saline  matter,    -        -        0.8  -        -  0.7 

There  was  also  oil  and  sugar  of  milk.    The  character  of  the  incip- 
ient albumen  is  not  perhaps  quite  clear.^ 

12.  Mucus. — It  is  so  doubtful  whether  there  is  a  dtstkict  principle 
to  which  this  name  can  be  appKed,  that  I  do  not  give  it  a  place  among 
proximate  bodies.  Siill,  it  is  well  to  preserve  the  term  as  descriptive 
of  the  fluid  secreted  by  numerous  surfaces.  We  are  best  acquainted 
with  it  in  the  nostrils  and  mouth. 

(a.)  Mucus  of  the  nostrils^  when  first  secreted,  is  Smpid  and  fluid, 
but  becomes  inspissated ;  dried  on  bkAting  paper,  it  becomes  opake, 
and  transparent  again  by  adding  water ;  not  coagulated  by  boiling 
water,  but  falls  unchanged;  coagulated  by  nitric  acid,  and  by  diges- 
tion is  dissolved  in  it;  hardened,  but  not  dissolved,  by  the  acetic  acid  ; 
dissolved  by  potassa,  ammonia  being  emitted ;  coagulated  by  tannin. 

Compow^iow.— Water,  936.7 ;  mucous  matter,  63.3  ;  muriate  of 
potassa  and  soda,  5.6 ;  lactate  or  acetate  of  soda,  0.9 ;  albumen  and 
animal  matter,  3.5  k  1000. 

(&.)  Tears;  they  are  saKne  and  alkaline,  containing  muriate  and 
phosphate  of  soda,  and  free  soda  which  turns  the  infusion  of  violets 
green ;  they  contain  a  little  animal  matter,  probably  albumen,  it  was 
formerly  regarded  as  mucus ;  the  tears  are  chiefly  water. 


*  Prout,  Phil.  Trans.  1822. 

f  YaiiqueliD  thought  it  more  analogous  to  fibrin  or  between  fibrin  and  albumen. 
Ann.  do  Ch.  Vol.  xxxi.  » 

;  See  Ann.  de  Ch.  pp.  SO,  81,  and  Ann.  Phil.  Vol.  .w,  p.  26. 
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(c.)  Saliva** — Saliva  evaporated,  leaves  a  substance  like  gum ; 
oyster  liquor  afibrds  the  same,  and  it  is  again  soluble  in  water,  but 
not  b  ether  or  alcohol.  Saliva  contains  phosphoric  and  niuriatic 
salts ;  chiefly  muriate  of  potassa  with  the  sulphate,  phosphate,  nee- 
tate  and  carbonate,  and  what  is  much  more  remarkable,  the  sulpbo- 
cyanate  of  that  alkali,  (a  variety  of  the  prussiate,)  which  is  thought  to 
account  for  the  production  of  a  red  color  by  ^va  in  a  per-salt  of 
iron,f  and  for  those  effects  that  have  been  attributed  to  a  free  alkali. 
This  sah  has  been  found  in  the  saliva  of  the  sheep,  which  ccmtaiDS  also 
so  much  carbonate  of  soda  as  to  efiervesce  with  acids.  Albunieo 
is  detected  in  saliva  and  in  mucus,  by  galvanism  only.  lOOO  grains 
of  saliva  afford  only  120  of  solid  matter,  of  which,  20  grs.  are  safine. 

Mucus  exists  also,  in  various  other  healthy  and  in  some  morbid  ^- 
cretions,  as  in  the  liquor  of  dropsy. 

The  salivary  concretions,  bodi  in  the  glands  and  on  the  teeth,  ap- 
pear to  be  indurated  mucus  or  albumen,  with  phosphate  of  lime. 

13.  HUMOHS    OF    THE    ETE. 

(a.)  The  aqueous  and  viireous  humors. — ^According  to  Berzelios, 
the  two  fluid  humors  of  the  eye  contain  more  than  98  per  cent,  of 
water,  the  rest  bemg  albuminous,  alkaline,  an(^  salbe  matter. 

(&.)  The  crystalline  lens  bad  58.  water,  35.9  peculiar  matter, 
salts  and  animal  matter  soluble  in  alcohol  2.4,  animal  matter  soluble 
in  water  1.3,  insoluble  membrane  2.4.  The  lens  is  lamellar,  the 
layers  being  more  dense  towards  the  centre. 

14.  Li<iU0B  OF  SURFACES — ^for  producing  lubricity;  it  is  very 
similar  to  the  fluid  of  the  pericardium,  which,  according  to  Dr.  Bos- 
tock,  contains  water,  92,  albumen,  5.5,  mucus,  2,  muriate  of  soda, 
0.5 ;  in  the  dropsy  of  the  heart,  the  fluid  has  been  found  to  consist 
of  988.3  water,  1.66  albumen,  7.09  muriate  of  potassa  and  soda, 
acetate  of  soda  and  animal  matter,  2.02,  soda,  0.28,  and  animal 
matter,  soluble  only  in  water,  with  a  trace  of  phosphates,  0.35. 
Lymph,  taken  up  by  die  absorbents,  consists  chiefly  of  water,  with 
muriate  of  soda  and  albumen,  coagulable  only  by  galvanism. 

15.  Synovia — the  fluid  that  lubricates  the  joints,  contains  in  100 
parts,  water,  80.46,  fibrous  matter,  11.86,  albumen,  4.52,  muriate 
of  soda,  1.75,  carbonate  of  soda,  .71,  and  .70  of  phosphate  of  lime. 

16.  Perspibable  matteb  consists,  according  to  Berzeiius,  of 
water,  981.70,  animal  matter,  4.60,  muriate  of  soda,  12.56,  and 
soda,  1.14,  =  1000.  It  is  said  also  to  contain  free  acetic  acid, 
but  this  seems  mconsistent  with  its  containing  also  free  soda. 


*  SaliTa  contaioa  osroazome  and  a  little  phosphorus,  dissolved  in  fatty  matter, 
t  Edin.  Medical  and  Surgical  Journal  and  Turner's  Chem. 


FIBRIN.  561 


Sec.  III. — FiBBiN,  (Pibrika,  JFVJrc,  Muscular  Fibres  FUsk^ 
Animal  Gluten.) 

1.  This  is  the  fibrous  part  of  animal  muscle;  its  exclusive  peculiar- 
ity is  to  contract  when  stimuli  are  applied,  and  to  relax  again  when 
they  are  withdrawn ;  upon  this  power,  hitherto  unexplained,  depend 
the  motions  of  the  limhs  of  all  animals. 

2.  Muscle  is  minutely  intersected  by  cellular  v>eb  and  penetrated 
by  arteries,  veins,  nervous  fibrils  and  lymphatics;  therefore  the 
chemical  composition  of  pure  fibre  cannot  be  precisely  ascertained. 
— Atkins, 

I.  Preparation. 

(a.)  Foreign  principles  are,  to  a  good  degree,  separated  by  long 
continued  maceration  and  boiling,  with  alternate  pressure  andfrC" 
quent  renewal  of  the  water;  the  muscle  being  previously  cut  into 
thin  pieces.* 

(6.)  Obtained^  also  by  washing,  .with  cold  water,  a  dot  of  bloody 
on  a  linen  clotli,  till  it  becomes  white. 

(c.)  By  stirring  the  fresh  blood  of  a  large  and  mature  animal  till 
it  coagulates.% 

II.  Properties  os*  fibrin. 

(a.)  Sdid,  tasteless,  inodorous,  white,  fibrous ;^  insoluble  in  water 
or  alcohol;  when  newly  obtained  from  blood,  it  is  soft  and  elastic,  and 
much  resembles  the  gluten  of  vegetables.  || 

(6.)  The  fibrin  qJT  muscle  is  partially  transparent;  not  ductile, 
but  brittle,  and  less  putrescent  than  the  fibrin  of  blood ;  pure  dry 
fibre  is  not  very  liable  to  putrescence  and  may  be  long  preserved,  by 
salts,ir  smoke,  pyroligneous  acid,  &c. 


*  Mr.  Hatchett  macerated  S  lbs.  of  muscle  for  fifteen  days  in  cold  water,  changed 
every  day,  pressure  being  also  applied ;  he  afterwards  boiled  It  for  five  hours  every 
day  for  three  weeks,  changing  the  water  as  before ;  and  finally  it  was  pressed  and 
dried  by  the  heat  of  a  water  bath« 

t  The  concretions  called  polypi,  found  in  the  vessels  of  animals  after  death,  are 
coagulated  fibrin )  the  inflammatory  or  bufiy  coat  of  blood  is  owing  to  the  same 
cause,  and  so  is  its  spontaneous  coagulation. 

X  A  small  branch  of  a  tree,  several  times  fbrlced,  held  in  a  flowing  stream  of  blood, 
and  rolled  between  the  hands,  with  the  forlced  end  downwards,  will  soon  collect  the 
coagulum ;  the  color  is  removed  by  washing  and  the  fibrin  remains,  resembling  cot* 
ton  or  woollen  yarn.  In  France,  when  they  wish  to  preserve  blood  from  coagula- 
tion, that  it  may  be  used  in  refining  saltpetre  and  sugar,  they  stir  it  with  osier  brooms 
and  thus  collect  the  film  around  it;  for  the  same  purpose  it  is  someUmes  beaten  with 
bunches  of  twigs. 

§  The  fibrous  structure  is  discoverable  by  the  microscope. 

It  Whence  the  synonym  gluten,  which  should  never  bo  thus  used  without  tfaa 
prefix  animal.  ^  See  note  t  Vol.  I,  p.  473. 
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(e.)  Contracts  by  heat  and  moves  like  horn  shavings^  with  the 
smeU  of  buTDing  feathers. 

{d,)  With  a  stronger  heat  ii  melts  and  is  decomposed^  yielding 
water,  carbonate  of  aounonia,  fetid  oil,  acetic  and  carbonic  acids^ 
aod  carburetted  hydrogen  eas.* 

(e«)  Acidsy  in  general,  dissolve  Jibrin  with  facility. 

1.  By  strong  sulphuric  acid,  with  heat,  it  is  carbonized  ;  Bracoooot 
states  that  muscular  fibre,  as  free  from  foreign  maaer  as  possible, 
was  dissolved  in  sulphuric  acid,  without  changing  color  or  evoiraig 
sulphurous  acid  sas,  and  being  gently  heated,  some  fat  appeared  oo 
the  cold  fluid ;  alter  being  boiled  nine  hours  with  water,  the  acid 
was  saturated  with  chalk,  and  the  extract  that  remamed  after  filtering, 
smelled  like  osmazome,f  (the  odorous  principle  of  roasted  meat,) 
and  the  extract  was  several  times  boiled  with  alcohol,  from  whicli 
there  fell  a  white  substance  which  M.  Braconnot  called  leucine. 
Leucine  floats  on  water ;  it  melts  and  m  part  sublimes  and  forms 
crystals.  Nitric  acid  generates  with  it  a  peculiar  acid,  called  the 
nitro-ieucic,  which  forms  salts.;]: 

2.  Boiling  muriatic  acid  decomposes  and  dissolves  fhrin,  producing 
a  red  or  violet  color;  the  diluted  acid  gives  some  nitix)gen  and  a  com- 
pound, which  when  neutral,  is  soluble  in  hot  water,  but  it  is  less  solu- 
ble, the  more  the  acid  prevails. 

3.  Strong  acetic  acid,  trith  heat,  converts  it  into  a  tremulous  jeUyj 
soluble  in  warm  water,  which  evolves  nitrogen,  and  if  evaporated, 
leaves  a  transparent  mass,  insoluble  without  the  addition  of  more  acid. 

4.  Nitric  add,  sp.gr.  1.20  or  1.25,  evolves  pure  nitrogen.^  By 
tong  digestion  with  this  acid,  Jibrin  approximates  to  albumen ;\\  this 
change  is  speedily  produced  by  boiling  nitric  acid,  which  forms  oxa- 
lic acid  and  oxalate  of  lime,  by  means  of  the  carbonate  of  lime  in 
the  muscle.ir  Nitric  acid,  in  these  operations,  converts  a  part  of  the 
muscle  into  adipodre.  (See  oils  and  tat.) 


*  Five  hundred  grains  of  gehtin  of  isinglass  gave,  in  close  Tessels,  56  restdue, 
of  which  54.6  were  carbon  and  1.5  phosphate  of  soda,  with  a  trace  of  phosphate  of 
lime.  Five  hundred  grains  of  dry  albumen  gave  68.25  carbon,  which,  when 
burned,  left  11.25  residuum,  chiefly  soda,  rendered  caustic  by  heat,  with  phosphate 
of  soda  and  a  trace  of  phosphate  of  lime.  Five  hundred  grains  of  dry  prepared 
muscleof  beef  gave  82.4  carbon,  leaving  25.6  residue,  chiefly  carbonate  of  lime» 
mixed  with  a  little  pure  lime  and  some  phosphate. — Aikins*  Diet  Vol.  I,  p.  435. 

t  See  the  sequel  of  this  section. 

t  Braconnot,  Ann.  de  Ch.  etde  Ph.  Vol.  ziii,  p.  113. 

\  Vol.  I,  p.  199,  (6.) 

II  The  albuminous  part  was  dissolved  in  the  add,  and  the  part  which  was  not  dis- 
solved was  soluble  in  wat«r  and  exhibited  the  properties  of  gelatin.  The  yellow 
add,  as  it  was  called,  appears  to  be  a  modified  fibrin,  with  some  nitric  aod  malic  aeids. 

m  For  several  curious  circumstances  see  Allans'  Diet.  Vol.  I,  p.  435^  and  Thonwoo^ 
Yd.  IT.  artide  Fibrin. 
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(/')  Concentrated  bailing  dUcalies  dissolve  fbnny  and  foim  a  so- 
lution which  is  not  a  soap ;  it  is  decomposed  by  acids,  but  the  pre- 
cipitated substance  is  no  longer  soluble  m  acetic  acid. 

(g.)  Akoholy  sp.  FT.  .810,  converts  fibrin  into  a  fatty  matter, 
soluble  in  alcohol  and  ether,  and  precipitable  by  water. 
(h.)  Compositionj  according  to  Gaj-Lussac  and  Thenard. 
Carbon,      ....  53.360 

Oxygen,     ....  19.685 

Hydrogen,  ...  7.021 

Azote  or  nitrogen,       -        -  -  19.934 

100. 
The  equivalents  nearest  to  the  result  of  the  analysis  are  carbon, 
18  =  108,  oxygen,  5  =  40,  hydrogen,  14,  nitrogen,  3  =  42,  = 
204,  giving  1  equiv.  more  of  qarbon,  hydrogen  and  nitrogen,  and 
1  less  of  oxygen,  than  there  are  in  albumen. — h. 

Miscellaneous. 

Dead  muscUj  especially  of  young  animals,  is  very  putrescent* 
Dried  muscular  flesh  is  very  enduring.  The  jerked  meat  of 
savage  nations  is  muscle,  slightly  salted  and  dried  m  the  smoke.  Run- 
ning water  and  interment,  under  particular  circumstances,  convert 
muscle  into  a  substance  like  spermaceti,  and  called  adipocire,* 

(c.)  Gdatinj  albumen  and  fibrin^  are  the  most  important  prin^ 
ciples  of  animal  matter;  although  they  appear  convertible  mto  one 
another,  they  are  clearly  distinguished  by  the  action  of  water  upon 
them. 

Gelatin  is  soluble  in  water  ;  gelatinizes  if  concentrated  and  cool- 
ed, and  is  again  soluble. 

Albumen  is  soluble  in  water ^  but  coagulates  at  16(P  or  170^,  and 
the  coagulum  is  not  again  soluble  in  water. 

Fibnn  is  insoluble  in  water j  under  every  circumstance.f  Stilli 
fibrin  is  found  in  solution  in  the  blood,  along  with  much  albumen* 

OSMAZOMS. 

This  extract  naturally  finds  a  place  immediately  after  fibrin,  from 
which  it  is  obtained ;  it  is  not  however  certain  that  it  is  a  distinct 
principle. 

Small  pieces  of  muscle  are  softened,  for  an  hour  or  two,  in  two  or 
three  times  their  volume  of  cold  water,  which  is  renewed  several 


*  See  this  article  in  Aikins*  Dictionary,  and  in  Thomson's  Chemistry,  Vol.  iv,  un- 
der Putrefaction. 
t  Except  that  long  continued  boiling  diseolTes  a  little. 
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times,  and  the  different  waters  are  evaporated ;  the  albumen  coagu- 
lates by  degrees  and  is  removed ;  the  colored  syrupy  liquor  being 
treated  with  strong  cold  alcohol,  leaves  muriates  of  soda,  and  po- 
tassa,  and  dissolves  the  extractive  matter  which  is  called  osmazooie ; 
it  is  yellowish  brown  ;  does  not  gelatinize ;  taste  and  odor  like  those 
of  beef  soup,  which  is  the  better  the  more  it  contains  of  this  extract; 
it  usually  exists  in  good  soup,  in  the  proportion  of  4-     It  is  but  little 

f)rone  to  putrefy.     By  mixing  osmazoroe  with  a  hot  solution  of  ge- 
atin,  soup  is  made ;  tablets  of  it  may  be  prepared  for  long  voyages.* 

BLOOD. 

The  most  important  principles  of  this  fluid  having  been  already 
mentioned,  we  will  add,  in  this  connexion,  the  other  facts  that  are 
most  interesting. 

Blood  has  a  peculiar  smell,  a  slightly  saline  taste,  and  is  a  litde 
heavier  than  water.f 

1.  Coloring  matter, "l — ^The  color  resides  in  the  external  coatings  of 
the  red  globules,  (elliptical  in  birds  and  globular  in  the  mammalia,) 
which,  by  a  magnifier,  may  be  seen  floating  in  the  fluid ;  their  diameter 
is  from  7,^*7,  to  j^Vir  of  an  inch ;  they  consist  of  two  substances,  the 
one  colorless,  insoluble  and  floating  on  water,  and  the  other  matter,  pro- 
ducing a  red  color  by  solution  in  water.  We  have  no  space  to  recite 
the  progress  of  research  and  opinion.  The  color,  obtained  separate, 
by  removing  the  fibrin  and  dissolving  in  water  the  red  matter  that 
falls  through  the  serum,  can  be  fixed  as  a  dye  in  woollen  cloth,  im- 
bued with  nitrate  or  muriate  of  mercury ;  it  appears,  however,  not 
to  be  a  mere  animal  matter,  as  RTr.  Brande  supposed.^  Iron  is  now 
proved,  by  Dr.  Engelhartjl  of  Gottingen,  to  exist  in  the  red  glob- 
ules alone,  and  not  in  the  fibrin  or  serum,  freed  from  coloring  mat- 
ter; chlorine,  passed  through  its  aqueous  solution,  renders  the  iron 
sensible  to  the  usual  tests;  its  proportion  is  about  ^i«  of  the  coloring 
matter ;  in  some  way  or  another,  iron  is  probably  the  efficient  cause 
of  the  color  of  blood,  and  as  the  salpho-cyanic  acid,  has  been  proved 
to  exist  in  the  saliva,  it  is  suggested  that  it  may  exist  also  in  blood 
and  be  active  in  producing  the  color,  as  it  gives  a  red  tint  with  the 
per-oxide  of  iron ;  but  of  this,  nothing  certain  is  known. 

2.  The  crassamentum  or  clot^  coagulates  in  a  few  minutes  after  blood 
is  drawn,  and  contains  the  fibrin,  wliich  exists  naturally  in  solutioo  in 
the  blood,  as  is  said  in  the  form  of  white  globules ;  the  principal  office 
of  the  fibrous  part  of  the  blood  is  evidently  to  recruit  the  waste  of 


»  Th^nard,    Lauj^lcr. 

t  As  may  be  observed  when  it  drops  into  that  fluid, 
t  Berzelius,  Ann.  deCh.  etde  Ph.  Vol.  v,  p.  42. 

§  Phil.  Trans.  1812.    Ann.  de  Ch.  et  de  Ph.  Vol.  i,  p.  9.     Id.  Vol.  xxxiv,  p.  26S. 
Yauquelin. 
II  Edin,  Phil.  Jour.  October,  1820,  JamesiOD, 
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the  muscles;  the  cause  of  the  coagulation  is  unknown;  when  it 
happens,  there  is  a  rise  of  heat  of  6  or  6  degrees.* — Dr^  Oordon. 

3.  The  serum, — Somewhat  unctuous,  and  slightly  alkaline,  on  ac- 
count of  a  little  free  soda.  Its  composition  appears  to  be  water  905, 
albumen,  80,  muriates  of  potassa  and  soda,  6,  lactate  of  soda  and 
animal  matter,  4,  =  10,  soda  and  its  phosphate,  and  a  litde  animal 

'         matter,  4.1,  loss,  0.9  =  1000.     Berzelius;  and  Dr.  Marcet,  very 

'         nearly  the  same. 

'  Carbonic  acid  has  been  stated  to  exist  in  blood,  but  there  appears  no 

decisive  experiment  to  support  this  opinion.  Serum  coagulates  by 
all  the  agents  that  produce  that  effect  upon  albumen  ;  a  fluid  which 

'         oozes  from  the  compressed  coagulum  has  been  called  the  serosity, 

'  but  it  seems  to  contain  the  principles  of  albumen,  with  perhaps  a 

peculiar  matter,  differing  from  both  albumen  and  gelatb. 

4.  Respiration. — ^The  most  important  facts  have  been  briefly  sta- 
ted in  pages  199  and  373  of  the  first  volume. 

t  The  capacity  of  the  lungs  of  a  man  of  common  size,  is  estimated 

[  at  about  290  cubic  inches,  out  of  which  160  or  170  cubic  inches 

!  of  air  may  be  forcibly  expelled,f  leaving  120  or  130  in  the  lungs; 

I  in  natural  l)reathing,  from  16  to  20  cubic  inches  are  taken  in  at  every 

!  inspiration  ;  for  each  minute,  26.6  of  oxygen  gas  are  inspired,  and 

in  the  calm  breathing  of  a  healthy  man  of  common  stature,  about  the 
I  same  volume  of  carbonic  acid  is  emitted ;  in  twenty  four  hours,  about 

666  cubic  feet  are  respired. f 

There  is  reason  to  believe,  that  the  amount  of  carbon,  (11  oz. 
troy  per  day,)  formerly  stated,  on  the  authority  of  Allen  and  Pepys, 
p.  373,  of  Vol.  I,  to  be  withdrawn,  is  beyond  the  truth,  as  it  ex- 
ceeds the  carbon  in  our  food.  There  is  no  doubt  however  of  the 
fact,  that  the  blood  is,  by  respiration,  decarbonized  to  a  great  extent, 
and  that  this  is  one  of  the  most  important  objects  of  that  function. 
Still  it  does  not  follow,  that  this  is  all  that  happens  in  the  arteriali- 
zation  of  the  blood ;  the  removal  of  carbon,  and  the  (perhaps)  con- 
sequent acquisition  of  a  florid  hue,^is  evidently,  a  prominent  thing.  || 


*  This  fact  will  aid  much  in  understanding  tlie  evolution  of  heat  in  the  circula- 
tion of  the  blood,  as  ail  the  solid  as  well  as  fluid  parts  are  drawn  from  it,  and  in 
becoming  solid,  they  must  emit  the  latent  beat  Dr.  Davy  thinks,  however,  that 
the  rise  in  the  coagulation  is  overrated. 

t  By  first  inflating  the  lungs  and  then,  (if  we  would  measure  the  capacity,)  by 
blowing  through  a  wide  tube  Into  an  air  jar  full  of  water. 

X  H.  and  Phil.  Trans.  1808. 

§  See  Dr.  L.  C.  Beck's  deductions  tending  to  shew  that  cyanide  of  iron  may  be 
formed  in  the  blood  by  absorption  of  nitrogen,  Am.  Jour.  Vol.  xviii,  p.  52  ;  also  the 
fipeculations  of  Prof.  Vanuxem,  as  to  the  absorption  of  the  nitrogen  of  the  air,  partic- 
ularly by  the  earlier  animals.    Id.  Vol.  xii,  p.  84. 

II  But  there  may  be  other  changes  of  which  we  are  ignorant,  and  we  arc  certain, 
that  during  the  circulation,  there  are  such  changes  as  are  connected  with  the  ac- 
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As  the  combbadon  of  carbon  to  form  caifaooic  acid,  takes  place  boA 
OD  the  surface  of  the  skin,  and  of  blood  drawn  from  the  body,  and  ■ 
blood  circulating  b  consequence  of  respiratioD  artificially  sustained  a 
dead  animals,  this  appears  to  be  a  chemical  fact,  independent  of  vittfitf. 

It  is  not  certain,  whether  in  natural  respiration^  the  carbonic  addii 
formed  in  the  lungs,  by  excretion  of  the  carbon  or  by  the  peoetratia 
of  the  oxygen  through  the  membranes ;  or  whether  the  oxyga  a 
absorbed  and  finds  the  carbon  in  the  course  of  the  circuhOGD,  or 
bebg  absorbed,  expek  or  takes  the  place  of  carbonic  add  already 
formed  m  the  blood. 

It  is  sufficiendy  established,  that  gases  can  penetrate  memlmio 
and  even  caoutchouc*     See  p.  431. 

Small  animals  as  frogs  and  snails,  sometimes  furnish  carbonic  ad 
in  greater  volume  than  that  of  their  own  bodies,  to  an  atmosphere  (/ 
hydrogen  in  which  they  are  confined,  which  implies   that  the  car- 
bonic acid  was  formed  in  their  bodies.    It  would  appear,  tnm  ie 
roost  recent  and  best  experiments,  that  nitrogen  is  both  absoAed 
and  expelled  in  respiration,  but  the  amount  of  both  results  varies » 
much  with  the  seasons  and  circumstances,  that  we  cannot  say  as  ]fet 
whether  it  is  permanendy  received  into  the  system  througb  the  knp 
or  not.     A  Guinea  pig,  confined  in  an  atmosphere  of  oxygen  gas, 
furnished  more  nitrogen  than  the  bulk  of  his  body,   and  the  same 
result  was  obtained  in  an  artificial  atmosphere,  in  which  bydropa 
was  substituted  for  nitrogen ;  in  the  latter  case  scnne  faydn^eo  was 
absorbed,  while  nitrogen  seems  to  have  been  exhaled.     It  appem 
that  frogs,  serpents  and  lizards,  by  means  of  their  skins,  afifect  tbe 
air  in  the  same  manner  as  they  do  with  their  lungs,   and  that  in  this 
way  they  can  live  long  under  water.     Aqueous  vapor  is  coDstantif 
emitted  from  the  lungs ;  it  is  probably  an  exhalation  from  tbe  siu^ 
faces,  but  it  cannot  be  proved  that  it  is  not  formed  by  the  oxy^eow 
the  air  and  the  hydrogen  of  the  blood.    The  quantity  in  the  humas 
subject  is  supposed  to  be  about  3  grs.  in  a  minute. 

5.  Animal  heat. — It  results  from  the  laws  of  life,  that  living  ani- 
mals can  preserve  a  temperature  nearly  uniform,  while  inanimate  ho-     j 
dies  acquire  that  of  the  medium  in  which  they  are  plunged,    h  ad*      I 
dition  to  what  has  already  been  stated  in  Vol.  I,  p.  373,  we  may  ob- 
serve, that  animal  heat  may  be  derived  from  several  sources. 

(a.)  From  the  formation  of  carbonic  acid,  which,  as  it  is,  in  aB 
other  circumstances,  attended  by  evolution  of  heat,  is  doubtless  pro- 

quisition  of  cbyle  from  Uub  eAects  of  digestion,  and  with  the  absorptioii  vid  with* 
drawal  of  all  that  is  secreted  and  appropriated  for  the  nourishment  or  parts,  or  with- 
drawn, and  rejected  as  excretions. 

*  The  interesting  experiments  of  Dr.  J.  K.  Mitchell  of  Phil.,  prove,  (httHm 
•as  well  as  dead  oiembrane,  is  permeable  to  gases  — Phil,  Med.  Jaw.  JVsv.  18^* 
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ductive  of  the  aanae  resuk  in  this.  Eren  if  there  is  no  differeooe  in  the 
capacity  of  arterial  and  venous  blood  for  heat,  if  this  oxygen  id,  agree- 
ably to  the  experiments  of  Dr.  Edwards,  absorbed  into  the  blood,  it  will 
find  the  carb<ni  and  evolve  the  heat  over  the  whole  body.  So  important, 
extensive  and  unremitting  an  agency  as  the  formatbn  of  carbonic  acid 
must  in  all  probability  contribute  to  the  production  of  animal  heat.* 

(6.)  From  secretion,  which,  as  already  remarked,  must  evolve 
heat,  because  so  many  solid  products  are  constantly  drawn  from  the 
blood,  and  in  ceasing  to  be  fluid  they  must  of  necessity  liberate  caloric ; 
and  as  these  processes  are  going  on,  in  every  part  of  the  body,  the  heat 
wiO  be  evolved  over  the  whole  system.   That  secretion  is  concerned  in 
the  production  of  animal  heat  is  rendered  highly  probable  by  the  fact 
that  more  heat  is  evolved  by  a  living  animal  than  would  be  generated 
by  the  combustion  of  the  carbon  in  the  carbonic  acid  which  it  forms.f 
(c.)  By  the  nervous  influence. — ^Although  we  do  not  understand  the 
nature  of  this  power  or  its  mode  of  operating,  we  cannot  doubt  that  it 
is,  in  some  way,  efficient,  either  by  an  original  energy  of  its  own  or 
by  giving  efficiency  and  peculiar  character  to  other  vital  operations,} 
and  the  production  of  heat  may  be  one  of  them.    Animals,  carefully 
decapitated,  without  great  hemorrhage,  or  killed  in  some  other  way, 
and  made  to  breathe  artificially,  have  been  found  not  only  to  form  car- 
bonic acid  but  the  change  of  color  of  the  blood  continued  to  go  on,  while, 
as  Mr.  Brodie  thought,  their  animal  heat  declined  faster  than  if  they 
had  not  been  made  to  respire  and  their  blood  to  circulate,  but  had  been 
left  to  themselves.    Others  have  found  that  the  heat  was,  to  a  degree, 
sustained  by  the  artificial  respiration ;  but  whichever  result  may  be  true, 
it  does  not  justify  the  conclusion  that  the  nerves  are  the  sole  cause  of 
animal  heat ;  for  it  is  easy  to  understand,  that  animals  decapitated  or 
in  any  other  way  killed,  and  made  to  breathe  artificially,  cannot  be  in 
any  condition  to  be  compared  with  living  animals,  breathing  naturally, 
and  enjoying  an  undisturbed  circulation  of  the  blood.     It  is  observed 
that  animals  require  a  supplv  of  oxygen,  in  proportion  to  the  size  of 
their  bodies  and  the  vigor  of  their  frames;  more  oxygen  is  consumed 
in  a  state  of  labor  and  activity  than  in  rest ;  fishes  and  cold  blooded 
animals  find  enough  dissolved  in  water,  but  whales  and  other  fishes  that 

*  The  soundDess  of  this  iDfereace,  at  least  as  to  its  extent,  must  depend  greatly 
upon  the  relative  capacities  of  oxygen,  and  carbonic  acid  gas  for  beat ;  even  the  ex- 
periments of  De  la  Roche  and  Berard  give  the  greatest  capacity  to  oxygen,  although 
with  a  diflforence  vastly  less  than  was  stated  by  Crawford. 

t  Ann.  de.  Chim.  et  de  Phys.  1826. 

1 1  refer  the  fcader  to  the  larger  works  on  chemistry  for  the  details  of  fact  and 
opinion.  Dr.  Turner  has  given  a  very  judicious  view  of  the  subject.  I  have  not 
seen  the  work  of  M.  Edwards,  *<  De  Tlnfluence  des  aeens  Physiques  sur  la  vie." 
It  appears  to  abound  with  interesting  observations.  I  have  endeavored  in  the  text 
to  present  only  general  conclusions,  as  to  which  'there  is  little  or  no  disagreement. 
SeePbU.  Trans.  1811, 12  and  14.  Ann.  de  Gh.  et  de  Ph.  xzvi.  The  work  of  Mr. 
Ellis,  an  Respiratkui,  it  one  of  singular  interest. 
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breathe  with  luogs  come  to  the  surface,  and  birds  have  tfaeir  lungs 
ramified  almost  through  every  part  of  their  bodies. 

6.  Odorous  prindpie;  discovered  bjr  M.  Barruel.  Obtained  by  put- 
ting a  few  drops  of  blood  or  of  its  serofiiy^*  into  a  glass,  and  adding  one 
third  or  one  half  as  much  strong  sulphuric  acid  as  blood,  stirring  the 
whole  with  a  tube ;  the  volatile  odor  will  immediately  be  manifested. 
In  this  way  the  peculiar  smell  of  the  sweat  or  pulmonary  exbalatioo 
of  the  animal  will  be  perceived,  so  that  not  only  the  species,  bat 
sometimes  the  sex,  can  he  distinguished. 

The  discoverer  has  applied  this  test  to  stabs  on  linen,  and  after  fif- 
teen days  or  more,  has  found  reason  to  confide  in  the  discriminatiooy  bat 
in  all  cases,  the  trial  should  be  made  as  early  as  possible.  The  spot- 
ted linen  is  cut,  soaked  in  water  for  a  few  minutes,  in  a  watch  glass; 
sulphuric  acid  is  then  added,  and  it  is  stirred  and  the  odor  is  obseired.f 

Sec.  IV. — ^UaEA,;^  ob  Ukes. 

Remark. — ^The  name  Urea  has  been  given  to  the  peculiar  princi- 
ple of  urine,  which  is  a  very  complicated  fluid,  whose  usual  compo- 
sition will  be  stated  at  the  end  of  tliis  section,  and  which,  in  con- 
sequence of  containing  this  substance,  differs  from  a  mere  wateiy 
solution  of  salts  and  acids,  &c.  * 

I.  Process. 

(a.)  By  a  gentle  heat^  as  of  a  water  bath,  carefully  evaporate  to 
a  syrupy  consistence,  several  quarts  of  fresh  human  urine  secreted 
some  hours  after  a  meal ;  to  the  residuum  add^  at  intervals,  four  times 
its  weight  of  alcohol ;  most  of  it  will  dissolve  with  a  gentle  beat ;  the 
solution  containing  the  urea,  xvill  crystallize  by  evaporation  and  coot" 
ing;  the  residuum  consists  of  salts,  chiefly  phosphates  and  muriates. 

(6.)  Th^nard's  process.  To  the  residuum  of  the  first  evaporationy 
add  an  equal  volume  of  nitric  acid,  of  sp.  gr.  1.20;  stir  and  chill  it 
with  a  bath  of  iced  water  to  harden  the  crystals  of  nitrate  of  urea ; 
wash  in  ice  water ;  drain  and  press  in  blotting  paper ;  redissolve  in 
water  ;  add  carbonate  ofpotassa  or  soda,  enough  to  saturate  the  ni- 
tric acid  and  gently  evaporate  almost  to  dryness ;  very  good  alcohol 
now  dissolves  the  vrea,  and  gives  it  vp  by  evaporation  and  cooling. 

(c.)  Prout^s;  beginning  by  separating  the  nitrate  of  potassa  by 
crystallization,  the  residuary  aqueous  solution  of  impure  urea  is  made 
into  a  thin  paste,  with  animal  charcoal,  and  aUowed  to  remain  some 
hours ;  out  of  this,  cold  water  dissolves  the  colorless  urea,  VLudfrom 
the  same  ftutd,  carefully  concentrated,  pure  alcohol,  by  boiling,  re- 

*  It  ia  not  Mud  whether  this  is  serum,  or  what  is  pressed  out  from  coagulated  se- 
rum, and  has  been  called  the  serosity. 

t  English  Quart.  Jour.  July  to  September,  1829,  and  Am.  Jour.  Vol.  xrili,  p.  148. 

X  RoueUe,  in  1773,  first  noticed  the  peculiarities  of  the  inspissated  urine,  and  cal- 
led it  saponaceous  extract  of  urine.  Urea  is  peculiar  to  urine,  and  exists  in  that  of 
all  animals. 
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moves  the  urea  and,  by  evaporation  and  cooling,  gives  it  in  crystals  ; 
if  not  colorless,  they  may  be  redlssolved  and  crystallized  anew.* 
11.  Properties. 

!a,)  Crystals,  prisms  of  four  sides,  transparent,  colorless,^  pearly. 
6.)  Cool  to  the  tongue  like  nitre;  odor  faint  and  peculiar  ;  does 
not  change  the  test  colors ;  slightly  deliquescent. 

(c.)  Sp.gr.  1.35  ;  by  a  high  heat,  partly  decomposed  and  partly 
sublimed,  unchanged,  but  vnth  an  insufferable  odor  ;  by  distiuation 
in  a  retort,  it  gives  about  two  thirds  of  its  weight  of  carbonate  of 
ammonia  and  one  fourth  of  benzoic  add,  besides  carburetted  hydro- 
gen gas  and  a  solid  residuum  of  charcoal  and  of  the  muriates  oi  soda 
and  ammonia  ;  there  is  also  some  prussic  acid  and  oil. 

(J.)  Soluble  at  60^,  in  less  than  two  parts  of  water  ^  and  without 
limit  in  boiling  water  ;  dissolves  in  5  parts  of  cold  alcohol,  and  in  less 
than  one  part  of  boiling.     Not  soluble  in  ether  or  oil  of  turpentine. 

(e.)  Nitric  and  oxalic  acids,  added  to  a  concentrated  aqueous  solu- 
tion, precipitate  copiously,  bright  pearl  colored  crystals,  but  the  acids 
are  not  neutralized. 

Composition  of  the  nitrate — acid  47.37,  +  urea  52.63,  or  acid 
1  equiv.  54  +  1  equiv.  of  urea  60=114.  Sometimes,  in  disease, 
the  urine  contains  so  much  urea,  that  a  drop  of  nitric  acid,  placed 
beneath  it  in  a  watch  glass,  wiU  produce  crystals,  and  the  proportion 
is  inversely  as  the  time  required  for  the  crystalIization.| 

Nitric  acid  acts  violently  upon  solid  urea,  especially  if  heated  ; 
much  nitrous  and  other  gas  is  evolved,  with  prussic  acid  and  ammo^ 
nia,  and  the  dried  residuum  detonates  like  nitrate  of  ammonia. 

(f.)  Although  the  accounts  formerly  given  of  the  properties  of 
urea,  failed  in  precision,  because  it  had  not  been  obtained  pure,  it  is 
worth  remembering  that  the  concentrated  alcoholic  solution  of  impure 
urea,  with  nitric  acid,  gives  promptly  the  bright  pearly  crystals,  like 
those  of  boracic  acid,  only  tinged  by  coloring  matter. 

ig.)  Neither  infusion  of  nut  galls  nor  of  tan  produces  any  precipi- 
tate in  solution  of  urea,  only  a  slight  brown  tinge. 

(A.)  The  aqueous  solution  of  urea  putrefies,  but  much  more  rap- 
idly if  a  litde  gelatine  be  6dded. 

(t.)  The  ammonia  of  urine  is  derived  chiefly  from  the  urea ;  an 
equal  quantity  of  the  alkali  is  obtained  by  the  manufacturers,  whether 
it  has  undergone  putrefaction  or  not. 

*  The  raits,  left  after  the  removal  ofaU  that  is  soluble  in  alcohol,  were  anciently 
called  microcMmic  salts ;  they  are  cliiefly  phosphate  of  soda  and  phosphate  of  am- 
monia. 

f  A  yellow  color  was  formerly  considered  as  characteristic  of  urea,  and  the  color 
of  urine  was  attributed  to  it ;  but  this  mistake  is  now  corrected,  aud  the  color  is  now 
attributed  to  animal  matter,  not  yet,  I  believe,  isolated. 

t  Which  may  be  from  a  few  minutes  to  two  or  three  hours;  in  healthy  urine,  it 
may  take  half  an  hour. 
Vol.  II.  72 
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(y.)  Diluted  iulphuric  add  1  part  and  urea  4  parti,  pr^ba, 
vnthout  effervescence^  an  oil^  which  concretes  by  cooling,  and  aceik 
acid,  ammonia  and  sulphate  of  ammonia,  are  the  ultimate  results. 

(L)  Muriatic  add  dissolves  urea,  without  altering  it;  chlotioe^ 
is  largely  absorbed  by  solution  of  urea,  and  carbonate  and  muraiet^ 
ammonia  are  formed. 

(Z.)  Alkaline  solutions  dissolve  urea^  with  evolution  of 
and  of  its  carbonate,  arising  from  the  decomposition  of  other 
niacal  salts  and  partly  of  the  urea  itself. 

(m.)  Urea  tends  to  change  the  forms  of  some  crystals;  thuSfmnn- 
ate  of  soda,  in  a  solution  of  urea,  crystallizes  in  octahedrons  instetdrf 
cubes,  and  muriate  of  ammonia  in  cubes  instead  of  pi  isms. 

(n.)  Vrea^  tiotli  spontaneously  and  by  the  action  of  reagents,  n* 
dergoes  decomposition  more  readily  than  any  other  animal  prisegit 
(o.)   Composition,* 

Oxygen,  -         -         .    26.66=1  equiv.  or  J  vol.,  B 

Niu-ogen,   -         -         -         46.66  =  1     "  1    "    14 

Carbon,  -         -         -    19.99=1     "  l    "     6 

Hydrogen,  -         -  6.66=2     "  2   "     2 

Loss,     -        -         -        -        .03 


100.  30 

Urea  differs  from  all  other  animal  substances,  in  the  abundaiKf  a/^ 
nitrogen  it  contains  ;  it  is  not  however  as  usually  stated,  decomposed 
by  the  heat  of  boiling  water ;  on  the  contrary,  a  strong  aqueous  so- 
lution can  be  boiled  a  long  time  without  evolving  carbonate  of  a^ 
monia,  but,  when  the  water  is  evaporated,  the  urea  itself  mehs  it 
248^  F.,  boils  and  then  suffers  decomposition*! 

Remark. — ^The  surprising  coincidence  between  the  compositioDOT 
urea  and  of  cyanate  ol  ammonia,  discovered  by  Wohler,  will  be  men- 
tioned again  under  the  prussic  compounds. 

URINE. 

In  connexion  with  urea,  it  vrill  be  proper  to  mention  the  other  pno- 
ciples  contained  in  the  fluid  which  affords  It.  This  fluids  being  f!^ 
tirdy  excrementitiousj  and  destined  to  remove  from  the  system  sap&- 
fluous  or  injurious  substances,  is  exceedingly  various  in  its  compo^^ 
as  well  as  in  its  quantity ;  the  latter  is  usually  estimated,  on  an  average, 
at  from  30  to  40  ounces  per  day,  perhaps  about  2  lbs.  Urine  of  the 
morning,  from  a  person  who  has  fed  heartily  before  sleeping  asd 
taken  no  more  fluid  than  was  indispensable,  is  regarded  bs  ibebe^ 
sample  of  the  healthy  fluid. 

Urine  usually  reddens  litmus,  and  this  has  been  attributed  to  a  free 
acid ;  probably  it  is  rather  a  bi-salt,  perhaps  super-phosphate  of  Kffl^ 

**  Prout,  cited  by  Heory.  t  Eng.  Quar.  Jour.  No.  14,  p.  427. 
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and  super-urate  of  ammonia ;  urine  becomes  alkaline  by  spontaneous 
decomposition^  and  also  by  boiling,  carbonate  of  ammonia  being  gen- 
erateci.  Ammonia  and  lime  water*  precipitate  phosphate  of  lime, 
containing  some  magnesia.f  Oxalic  acid  precipitates  lime.  The 
cloudy  deposit  from  urine  is  often  mucus,  but  it  is  partly  super-urate 
of  ammonia,  which  is  less  soluble  b  cold  than  in  hot  water ;  it  used 
to  be  said  that  uric  acid  spontaneously  precipitates,  and  it  will  do  so 
if,  to  recent  urine,  muriatic  acid  be  added,  which,  according  to  Dr. 
Prout,  decomposes  the  super-urate. 

Benzoic  acid,  existing  in  the  urine  of  infants,|  is  precipitated  along 
with  the  uric  acid,  by  muriatic  acid,  but  alcohol  dbsolves  the  benzoic 
acid,  and  thus  they  are  separated. 

Acetate  of  lead  decomposes  the  soluble  phosphate  of  lime  and 
precipitates  phosphate  of  lead.  Nitrates  of  silver  and  of  lead,  pre- 
cipitate the  muriatic  and  phosphoric  acids.  Muriate  of  baryta  does 
the  same,  and  also  precipitates  the  sulphuric  acid,  if  present ;  if  the 
muriate  of  baryta  has  an  excess  of  acid,  it  will  dissolve  the  phos- 
phates and  precipitate  only  the  sulphates.  All  the  alkalies  and  alka- 
line earths,  and  their  soluble  salts,  produce  precipitates  by  decom- 
posing the  phosphates.  The  specific  gravity  of  urine,  as  stated  by 
Dr.  B.  Robinson  and  admitted  by  Dr.  Henry,  is  1030,  pure  water 
being  1000. 

The  composition  of  urine  has  been  differently  stated  by  different 
chemists.  The  most  recent  table  is  given  by  Dr.  Turner,  on  the 
authority  of  Prof.  Berzelius.     In  1000  parts  of  urine,  there  are. 

Water, 932. 

Urea, 30.10 

Uric  acid,       --------  1. 

Free  lactic  (acetic)  acid,  lactate  of  ammonia  and  inseparable 

animal  matter,  -        -        -        -        -        -        -17.14 

Mucus,  --------  .32 

Sulphate  of  potassa,     -        -        -        -        -        -        -3.71 

Sulphate  of  soda,     -        -        -        -        -        -        -  3.16 

Phosphate  of  soda,        -------      2.94 

Phosphate  of  ammonia,     ------  1.65 

Muriate  of  soda,  -         -        -         -        -        -        -      4.45 

Muriate  of  ammonia,         ------  1,50 

Earthy  phosphates,  with  a  trace  of  fluate  of  lime,       -        -      1. 
Siliceous  earth,         -------  .03 


*  The  precipitate  by  lime  water,  when  heated  with  sulphuric  acid,  aflbrded  to 
Berzelius,  vapors  which  corroded  gla^s,  thus  indicatiug  fluoric  acid. — Thomson's  Aun. 
Vol[(,p.416. 

I  There  is  .11  more  of  magnesia  than  existfi  in  the  earth  of  bones  or  in  the  ashes 
of  blood.  t  Derzelius  could  not  find  it  in  the  urine  of  infants. 
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The  presence  of  sulphur*  is  inferred  firom  the  btackeoHig  of  alfer 
by  evaporating  urine  in  a  silver  vessel.  Dr.  Henry  adds  to  the  aiti- 
cles  in  the  above  list,  free  phosphoric  acid,  fluoric  acid,  benzoic  acid,f 
phosphate  of  liroe,|  phosphate  of  magnesia,  gelatine  and  albmnea. 
The  two  latter  appear  to  be  present  in  very  small  quantity,  except  m 
disease.^  After  twenty  four  hours,  the  uric  acid,  urate  of  ammooii 
and  phosphate  of  limo,  are  in  a  good  degree  deposited ;  the  uric  acid 
is  destroyed  by  ignition  and  leaves  the  phosf^ate,  or  tbe  latter  is  dis- 
solved by  dilute  nitric  acid  and  leaves  tbe  uric  acid,  wluch  is  Baucb 
increased  by  adding  to  the  urine  almost  any  acid  and  allowixig  it 
to  stand  a  few  days.  If  the  phosphates  are  first  decomposed  by  ai- 
trate  of  baryta,  then  the  muriates  are  precipitated  by  nitrate  of 
silver. 

It  is  not  my  intention  to  enter  into  the  phenomena  produced  io 
urine  by  disease ;  this  is  the  more  appropriate  business  of  the  med- 
ical man.  It  may  be  added,  however,  that  in  a  state  of  disease,  ox* 
alic  and  nitric  acids  are  produced  by  tbe  kidneys,  in  addition  to  tbe 
other  acids,  the  sulphuric,  the  phosphoric  and  the  uric,  which  they  are 
supposed  to  generate,  when  tlieir  functions  are  healthy,  and  the  oxa- 
lic acid,  uniting  with  lime,  forms  one  of  the  worst  kinds  of  calcuE. 
Albumen  is,  in  certain  dropsical  affections,  so  abundant  as  to  produce 
spontaneous  coagulation,  sometimes  even  in  the  bladder. 

Some  other  facts  may  be  mentioned  in  connexion  with  tbe  notice 
of  calculi  and  of  the  animal  acids.lT 

Sec.  v.— Animal  Sugar. 

JZemarA»."^-Saccharine  substances  are  rare  in  animi^,  and  no  va* 
riety  of  animal  sugar  has  been  found,  perfectly  analc^ous  to  that  of 
vegetables.  There  are  but  two  kinds  of  sugar,  that  are  usques- 
tknaably  of  animal  origin. 


*  Dr.  Prout  supposes  that  he  has  observed  pho«phu  retted  hydrogen  in  dccompo^- 
Ins  urine,  and  thence  infers  the  presence  of  phosphorus. 

I  Dr.  Turner  doubts  the  existence  of  any  free  acid  in  urine,  and  Dr.  Prout  im- 
putes the  aeid  reaction  to  super  salts.  (See  p.  670-71.) 

I I  have  never  known  urine  to  fail  living  a  precipiute  with  ammonia  or  lime 
water;  it  must  be  an  earthy  salt  and  has  usually  been  supposed  to  be  owiuj^,  at 
least  in  part,  to  super-phosphate  of  lime,  which  is  most  abundant  when  lime  water 
is  used,  because  it  Is  there  formed  as  well  as  precipitated. 

§  Carbonic  acid  has  been  supposed  to  exist  in  urine  and  the  froth  has  been  attri- 
buted to  it,  but  it  probably  arose  from  decomposition. 

IF  I  refer  the  student,  for  additional  views,  to  the  Elements  of  Dr.  Henry  and  Dr, 
Turner,  and  the  original  authorities  cited  by  them  and  others  are,  Ann.'de  Chim. 
xxxl.  48,  xxxvi.  248,  Ixix.  311,  Ixi.  256,  Ixxxii.  189,  xciii.  271,  Phil.  Mag.  u.  24S, 
xxiii.  298^  Thomson's  Ann.  ii.  416,  Dr.  Prout  on  Calculus,  &c  Dr.  Marcet  on  do. 
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K  SudikB  OF  Milk.  < 

I.  Process.  I 

(a.)  Milk  haviDg  been  coagulated  by  reDoet,  the  whey  is  evapor--  \ 

aied  to  the  conasteace  of  syrup,  and  when  cool  it  deposits  a  sweet"  i 

iiA  massJ*  \ 

(6.)  It  is  redissolved  in  water,  clarified  with  white  of  egg,  and 
again  evaporated  to  a  syrupy  consistence,  when,  on  cooling j  it  deposits  \ 

brilliant  white  crystals^  of  sugar  of  milk.  | 

IL  Propsrties.  j 

(a.)  The  crystals  are  paralldopipedsy  terminated  by  four  sided 
pyramids. 

(&.)  Tastej  sweetish^  bui  peculiar;  soluble  in  7  parts  of  cold  and  i 

about  4  of  boiling  water ;  insoluble  in  akobol ;  thus  it  difiers  fi'om 
vegetable  sugar.  * 

(c.)  When  heated  and  inflamed^  it  smells  like  burning  sugar;  leaves  i 

about  j\  of  its  weight  of  muriate  and  carbonate  of  potassa,  and  yields 
an  empyreumatic  oil,  having  the  odor  of  benzoic  acid. 

Nitric  acid  converts  it  into  the  saccho-laetic  acidj  which  see.f  i 

Composition^  according  to  Gay-Lussac  and  Th6nard,  oxygen  , 

63.'834+  carbon  38.825  +  hydrogen  7.341  =  1 00.  Dr.  Front  gives 
40  carbon  +60  water,  or  its  elements,  as  the  composition  of  sugar  of 
milk,  and  he  agrees  very  nearly  with  Berzelius4  Sugar  of  milk  does 
not  undergo  the  vinous  fermentation,  and  when  milk  ferments,  its  I 

sugar  appears  not  to  be  the  agent^  because  as  much  sugar  is  found  in 
it,  after  fermentatk)D,  as  before.     Sugar  of  milk  contains  no  nitrogen ;  < 

it  can,  by  the  agency  of  sulphuric  acid,  be  converted  into  real  sugar ; 
it  must  be  boiled  in  it,  in  a  state  of  dilution.  See  Johnson's  Animal 
Chemistry,  for  additional  facts. 

2.  Diabetic  Sugar. 

Remark. — ^In  the  disease  called  diabetes  mellitus,  sugar  takes  the 
place  of  urea. 

Preparation  and  properties. 

(a.^  From  Ij^  lb.  of  diabetic  urine,  ProfjiJ.  R.  Coxe,  of  Phila- 
delphia, obtained  2^  oz.  of  solid  saccharine  matter  ;  the  diabetic  urine 
readily  fermented  and  alcohol  was  obtained  by  distillation ;  by  the  ac- 
tion of  the  nitric  acid,  this  sugar  aflbrded  also  oxalic  acid. 

(b.)  By  exposing;  the  solution  to  the  air^  and  removing  the  scum 
which  forms.  Dr.  Henry  obtained  white  crystals^  as  beautiful  as  those 
from  vegetable  sugar.  Dr.  WoUaston  also  prepared  it  in  white  grains 
like  vegetable  sugar. 

*  It  is  prepared  pretty  largely  in  some  ot*  the  cantons  of  Switzerland,  and  \a  used 
for  culinary  and  niediclnai  puriioses.  In  that  country  they  pour  the  evaporated 
whey  into  earthen  pots,  and  allow  it  to  solidify  and  dry  in  the  sun. — Atkins. 

\  Some  oxalic  acid  is  produced  at  the  same  lime.  X  Phil.Trau5.  182T. 
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(c.)  When  thoroughly  purified,  therefore,  thit  sugar  appeart  mat 
to  differ  at  all  from  vegetable  sugar,  but  its  formation  in  the  aninnl 
economy  is  very  singular,  and  himerto  not  explained. 

Chevretil*  states,  that  by  concentrating  diabetic  urine  and  leav- 
ing it  to  itself,  he  obtained  sugar  in  crystals ;  having  drained,  press- 
ed, and  dissolved  them  in  boiling  alcohol,  and  exposed  them  to  spoa- 
taneous  evaporation,  he  obtained  the  crystals  perfectly  tokite^  aad 
having  all  the  properties  of  the  sugar  of  raisinsj  that  is,  tbe  same 
crystallization,  solubility  in  alcohol  and  in  water,  and  the  property  of 
melting  with  a  gende  heat. 

Remark. — Honey  is  mentioned,  by  some  writers,  as  a  varie^  of 
animal  sugar;  as  we  are  without  decisive* evidence  as  to  the  degree 
in  which  it  is  modified  by  an  animal  process,  we  leave  it  where  k 
has  been  already  mentioned,  under  vegetable  sugar.  Vol.  it,  p.  424. 

Sec.  VI. — Animal  Resins. 

Remark, — There  is  nothing  in  the  animal  kingdom  precisely  anal- 
ogous to  vegetable  resin ;  but  several  respectable  authors  have 
agreed  to  arrange  the  following  substances  under  the  bead  of  aDimal 
resins*. 

1.  Castor;  2.  Cerumen  or  ear  wax ;  3.  A  peculiar  substance  io 
bile. 

1.  Castor. — Obtained  from  the  larger  of  tv)0  small  sacks  in  the 
inguinal  region  of  the  beaver.  Color  yeUow,  almost  fluid  when  re- 
cently taken  from  the  animal ;  by  exposure,  hardens,  grows  darker, 
and  exhibits  a  resinous  appearance ;  taste,  bitter  and  acrid ;  odor 
strong  and  aromatic. 

Composition,  according  to  Bouillon  LaGrange — 1.  Carbonate  of 
potassa;  2.  carbonate  of  lime  ;  3.  carbonate  of  ammonia;  4.  iron; 
5.  resin  ;  6.  mucilaginous  extract ;  7.  volatile  oil  on  which  its  odor 
depends.     Castor  is  regarded  as  a  powerful  antispasmodic. 

2.  Cerumen  or  ear  wnx.f — Taste  bitter,  easily  melts  and  emits  an 
odor  slightly  aromatic;  bums  readily  like  an  animal  oil,  emitting  an 
ammoniacal  odor  and  leaving  a  little  charcoal. 

Alcohol  dissolves  |  of  it,  and  the  residuum  is  albumen  mixed  with 
oil  and  soda,  and  phosphate  of  lime  is  obtained  by  incmeratioo. 
Tbe  alcohol,  on  being  evaporated,  leaves  a  bitter  orange  cobred 
matter  resembling  the  resin  of  bile.     It  is  soluble  also  in  ether. 

^  Ann.  de  Chiin.  Vol.  xcv,  p.  821,  in  a  note. 

t  Dr.  Torrcy  informe  inc  (hat  there  is  a  paper  on  cerumen,  in  one  of  the  volumes 
of  Medical  Observations  and  Inquiries,  by  a  society  of  physicians  in  London,  pub- 
lished fifty  or  sixty  years  a^o,  in  which  the  writer  proves  that  ear  wax  is  not  a  res- 
inous substance  at  all,  but  is  more  soluble  in  warm  water  than  in  any  other  neo- 
struum — a  matter,  (as  Prof.  T.  justly  observe.*,)  of  wme  practical  importance  in  tbe 
treatment  of  certain  kiudi)  ol  dcafneis;  the  ori;;ina)  paper  is  not  within  my  reach. 
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3.  Resin  of  bUe^^^btained  from  the  recent  bile  of  the  oa?,  32  parts 
with  1  of  strong  muriatic  acid ;  a  coagulum  of  mucus  and  albumen, 
that  falls  after  some  hours,  is  separated  bj  straining,  and  from  the  green 
fluid,  a  green  precipitate  is  obtained,  by  gentle  evaporation,  which, 
after  being  separated  and  washed,  affords  dbe  substance  that  has  been 
called  resin*  of  bile.  Color,  dark  brown  ;  spread  thin  on  a  white 
ground,  it  appears  grass  green  ;  very  bitter  ;  fusible  and  combusti- 
ble ;  soluble  in  both  cold  and  hot  water,  still  more  so  in  alcohol,  and 
precipitated  by  water.  With  pure  alkalies,  forms  saponaceous  com* 
pounds,  and  is  precipitated  by  acids. — h. 

BILE. 

It  is  particularly  difficult  to  present  an  intelligible  account  of  tliis 
complex  fluid,  especially  as  those  who  have  analyzed  it  have  not  al- 
ways been  agreed  in  their  results,  and  the  research  may  be  consid- 
ered as  still  unfinished. 

Sp.  gr.  1.26;  secreted,  as  is  supposed,  from  venous  blood,  and 
accordingly  in  its  composition,  carbon  and  hydrogen  prevail ;  its 
office  is  to  aid  digestion ;  it  is  miscible  with  water  in  every  propor- 
tion ;  it  contains  about  j\  of  free  soda,  but  its  color  prevents  it  from 
giving  the  usual  indications  with  testa.f 

In  the  bulky  charcoal,  that  remains  from  the  evaporation  and  in- 
cineration of  bile,  there  are  found  muriate,  phosphate  and  sulphate 
of  soda  and  lime,  and  traces  of  oxide  of  iron. 

Immediate  constitution. 

By  the  analysis  of  Thenard,J  the  bile  of  the  ox  consists  of  a  yellow 
coloring  matter  J  a  resin  and  picroTnel,  a  principle  having,  (as  its  name 
indicates,)  a  taste  both  bitter  and  sweet.  According  to  Thenard, 
800  parts  of  ox  bile  consist  of  water  700,  resin  15,  picromel  69.  yel- 
low matter  4,  soda  4,  phosphate  of  soda  2,  muriate  3.5,  sulphate 
0.8,  phosphate  of  lime  1.2,  and  a  trace  of  oxide  of  iron.  He 
attributed  the  solubility  of  the  resin,  to  the  joint  action  of  the  picromel 
and  soda ;  for  the  process  by  which  picromel  was  obtained,  I  refer 
to  Thenard's  Chem.  Vol.  iv,  already  cited. 

It  is  insoluble  in  water  and  in  alcohol,  and  does  not  crystallize,  and 
renders  the  resin  soluble  in  water.     It  gives  bile  its  peculiar  odor.^ 

■■ 

*  Its  resinous  character  is  denied  by  Berzelius. 

f  Murray  says  it  turns  violets  green. 

J  Memoires  d'Arcueil. 

§  Picromel,  as  obtained  by  Tiedman  and  Gmelin,  is  in  opake  rounded  crystalline 
particles,  soluble  in  water  and  in  alcohol,  but  insoluble  In  ether ;  its  taste  is  sweet 
without  bitterness,  but  it  contains  nitrogen,  and  is  not  a  variety  of  sugar;  it  aids  in 
dlsBolrine  the  resin  of  bile,  and  the  solution  has  a  bitter  and  sweet  taste,  which  is 
(be  peculiar  taste  of  bile. — T. 
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The  yellow  matter  is  peculiar  to  bile,  renders  it  putreacaa,  md 
Ibrms  biliary  concretions ;  it  is  insoluble,  but  is  rendered  soluble  In 
aoda,  resin,  and  picromel. 

Prof.  Berzelius  differs  from  Th^nard ;  be  denies  that  there  b  ni 
resin  in  bile,  and  groups  the  yellow  matter,  the  resin  and  the  picro- 
mel of  Th^nard  under  the  name  of  biliary  matter  ;  he  states  that  Ae 
coloring  matter  can  be  thrown  down  by  an  acid,  &£C. 

According  to  him,  bile  in  the  1000  parts,  is  composed  of  mm 
907.4,  biliary  matter  80,  mucus  4,  alkalies  and  salts  9.6. 

A  more  recent  examination  by  Profs.  Tiedman  and  Gmelio,  re- 
establishes the  picromel  and  resin  of  Thenard,  but  ascribes  rather 
difierent  properties  to  the  latter  when  purified.*  They  find  the  Ue 
however  very  complex,  to  contain  b  100  parts,  91.6  of  water,  ami 
besides  those  principles  just  named,  they  find  cbolesterine,  oson- 
zome,  mucus,  asparagin,  and  many  salts,  chiefly  of  soda,  bm  noMo( 
the  latter  free.f  The  subject  is  far  from  being  in  that  stale  ol 
maturity  that  would  make  it  useful  to  pursue  it  farther  in  Us 
work.  Human  bile  is  similar  to  that  of  the  ox.  Nine  tenths  or 
more  of  it  are  water ;  the  yellow  matter  and  re^,  (in  equal  quia- 
lilies,)  form  tt»  and  the  rest  is  soda,  salts,  and  a  little  iron. — IV* 
nard.  Berzelius  finds  in  1000  jMuts  of  bile,  908.4  of  water;  80  ft 
cromel;  3  albumen ;  4.1  soda;  0.1  phosphate  of  lime;  3.4 avi- 
mon  salt,  and  1  phosphate  of  soda,  with  some  phosphate  of  Ihh^* 

Scourers  use  bile  J  in  cleanbg  woollen  clothes,  and  often  prefer « 
to  soap ;  its  detergent  powers  are  owing  to  the  soda  and  to  the  tiipk 
compound  of  soda,  resin,  and  picromel ;  it  removes  grease  spots,  fe. 

A  color  is  also  obtained  from  bile  for  the  painters;  thegaOis 
sometimes  mixed  with  other  colors,  as  it  unites  with  the  oily  matters 
of  the  paints.  The  yellow  coloring  matter  of  bile,  when  concentrated, 
forms  a  fine  pigment ;  it  is  also  found  in  biliary  concretions. 

SjSC.  Vn.-^ANIlfAL   OILS.^ 

The  principal  varieties^  under  the  name  of  fat,  oil,  lard,  suet,  but- 
ter,  tallow,  8ic.  are  weU  knavm  ;  one  of  the  most  obvious  differences 
is  in  the  relative  degree  of  hardness,  but  this  is  a  mere  accident  de- 
pending on  temperature. 

■        —  '1 

*  See  the  note  on  pige  576. 

t  See  a  fuller  alwtract  in  Henry,  Vol.  ii,  and  in  Turner. 

X  When  concentrated  by  eyaporatioo,  it  keeps  a  good  while  j  its  alcoholic  toiatM 
hat  been  uaed  in  medicine. 

§  Among  the  oils  the  animal  oil  of  Dippel  is  usually  mentioned;  it  is  the  prodoec 
of  the  destructive  distillation  of  horn  and  of  different  albuminous  and  gtli^noat  «tf> 
stances;  it  was  made  limpid  by  a  redistillation,  and  had  formerly  some  medical  rep- 
utation, which  it  has  long  since  lost 
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1.  Animal  fat  is  generally  extracted  by  heat  with  the  addition  of 
a  little  water  to  prevent  scorching ;  the  fat  floats,  and  it  is  sometimes 
strained  to  separate  membranes,  and  at  other  times  it  is  allowed  merely 
to  congeal. 

2.  Train  oih.-^This  is  the  common  Jish  oil^  extracted  from  the 
blubber  of  the  whale,  (chiefly  the  Balaena  Mysticetus,)  and  other  fish. 
It  is  purified  by  agitation  with  sulphuric  acid,  with  the  subsequent 
addition  of  water.^  Chloride  of  lime  can  also  be  applied  to  this 
purpose.!  '^  ^  "^^  chiefly  for  affording  light,  either  in  lamps  or 
in  the  form  of  g9». 


Composition. 
Carbon, 
Oxygen, 
Hydrogen, 

12  equiv.  =  72 

2                 16 

17                  17 

per  cent  carb. 
oxy.    , 
hydrog. 

68.87 
16.10 
16.03 

105  1004 

3.  Spermaceti. — Obtained  from  the  cranium  of  the  cachalot  or 
spermaceti  whale;  but  it  is  a  different  substance  from  the  brain.  It 
is  pressed  in  a  woollen  bag ;  the  spermaceti  oil  exudes ;  in  winter, 
one  pan  congeals  while  another  part  remains  fluid,  and  from  its  be* 
ing  strained  out  in  cold  weathqr  the  latter  is  called  winter  strained 
oil.<^  The  solid  spermaceti  is  melted,  strained,  and  washed  with  a 
weak  solution  of  potassa.  It  is  softer  and  more  britde  than  white 
wax ;  it  is  soluble  in  hot  alcohol,  ether  and  oil  of  turpentine.  It  is  a 
well  known  material  for  candles. 
Composition  of  the  oil. 

Carbon^  ,  10  equiv.    =    60     per  cent    78 

Oxygen,  1  8  10.20 

Hydrogen,  9  9  11.80 

77  100.  II 

Spermaceti  forms  a-  soap  with  potassa ;  when  it  is  decomposed  by 
an  acid,  a  substance  separates,  to  which  Chevreul  gave  the  name  ethal, 
(from  the  first  syllable  of  ether  and  alcohol ;)  it  is  white,  fusible,  and 
more  soluble  in  alcohol  than  spermaceti. 

STEARIN. ELAIN. 

The  suety  part  of  animal  matter  has  been  separated  from  the  oily 
by  Chevreul  and  Braconnot,ir  who  have  distinguished  them  by  the 
names  stearin,  ffrea^^  suet,  and  eliin,  sXoiov,  oil. 


*  Thomson.  f  Edin.  Jour.  Vol.  vii.  X  Thoinsoo. 

§   It  is  much  valued,  siuce  lamps  fed  by  it  will  not  go  out,  in  very  cold 
weather.  ||  Dr.  Ure. 

IT  Ann.  de  Chim.  Vols.  88, 93,  94,  95.    Ann.  de  Cb.  etde  Ph.  Vol.  ii,  and  subaeq. 

Vol.  n.  73 
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Bailing  (deohol^  sp.  gr.  .791  to  .798,  dissolves  both;  tketteamu 
iepotittd  fry  tbe  coohng  of  the  solution ;  it  is  in  ^hite  needles  and  is 
purified  by  a  second  solution.  Tbe  elain  is  obtained  by  evapontiog 
the  alcohol  to  ^  of  its  volume,  and  it  is  afterwards  exposed,  repeai- 
ediy,  to  severe  cold,  and  that  which  remains  is  pure  elain. 

By  simple  pressure  and  coU^  Braconnot  separated  the  iwo^  using 
grey  bibulous  paper,  which  absorbed  the  elain  from  tbe  congealed 
oil,  and  gave  it  up  again  by  pressure  under  water.  Tbe  stearin  re- 
mained untouched.  Elain,  in  a  vacuum,  evaporates  without  decom- 
position ;  by  heat,  it  yields  the  acetic,  sebacic,  margaric  and  deie 
acids,  besides  inflammable  gases  and  oils.  Elain  is  very  good  for 
lubricating  delicate  machinery,  as  in  watches,  since  it  does  not  be- 
come rancid  or  readily  congeal.* 

A  strong  solution  of  caustic  soda,  agitated  and  gently  heated  widi 
any  oil,  (unless  one  that  is  rancid  or  has  been  altered  by  heat,)  fbnns 
a  soap  with  the  stearin  and  leaves  the  elain,  which  is  obtained  bj 
straining  through  a  towel  and  decanting  the  remains  of  tbe  alkafine 
solution.! 

AU  fatty  substances  and  all  oUs^  vegetable  as  well  as  animal,  am- 
tain  these  two  principles.  Even  volatile  oils  contain  a  concrete  sab- 
stance,  analogous  to  camphor.  If  upon  2  parts  of  tbe  suet  of  pork  4 
of  strong  sulphuric  acid  is  first  poured  and  then  boiling  water  is  added, 
the  stearin  and  elain  will  both  be  obtained.  As  tbe  stearin  preraib 
in  fat  it  is  more  firm,  and  as  tbe  elain  prevails,  it  is  more  fluid.} 

ACIDS  OF  THE  oiLT  AND  FATTT  BODIES,  animal  and  vegetaiky 
formed  during  saponification. 
!•  Stearic  ACID. — ^The  stearin  of  the  fat  of  pork,  beef  or  muttoa 
is  altered  in  its  constitution  and  becomes  an  acid,  when  soap  is  made 
with  either  of  those  varieties  of  fat  and  potassa.  Other  acids^  are 
formed,  at  the  same  time,  as  will  be  presently  mentioned,  and  all  of 
them  Jbrm  salts  with  the  alkali.  || 

2.  Margaric  ACiD.-r-Called    at  first  by  the  name  margarine, 

luigya^irne,  in  allusion  to  its  lustre.     A  soap  is  formed  by  potassa  and 

bogs'  lard ;  water  dissolves  it  in  part,  but  the  margarate  of  potassa  is 

' '  ■'  '  '       ■'  ■  ■  ■■         .  I.    .      J  — — " 

*  Oil  of  olives  ind  oil  of  ben,  are  said  to  be  the  only  oils  fit  for  lubricatiD^  (he 
RMchinery  of  time  pieces^  because  they  do  not  become  rancid  and  thus  act  on  Um 
metals;  but  they  become  fixed  by  a  moderate  degree  of  cold;  when  the  oil  of 
•lives  is  deprived  «f  its  stearin  it  then  remains  perfectly  fluid  at  every  temperature. 
I  am  informed  that  the  oil  of  the  porpoise  is  generally  used. 

t  Ann.  do  Ch.  et  de  Ph.  Vol.  xxii,  p.  S30. 

X  Braconnot  found  summer  butter  to  contain  in  100  parts,  stearin,  40,  elain,  60^ 
winter  butter  had  stearin,  65,  and  elain,  35.  Hogs'  lard  bard  stearin,  3S,eIftin,  62; 
beef  marrow,  76  and  24;  mutton  marrow*  26  and  74;  goose  fat,  32  and  68;  olive 
oil,  28  and  72 ;  almond  oil,  24  and  76,  &c. 

§  For  details,  see  Chevreul's  various  memoirs  in  the  Ann.  de  Ch.  and  Ann.d3  Cb. 
et  de  Ph. :  also,  in  his  treatise  upon  the  fatty  bodies. 

II  For  the  method  of  separating  these  salts  and  obtaining  the  stearic  acid,  see  Tar- 
ner's  Chem.  8d  Am.  edition,  p.  505. 
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not  dissolved,  and  falls  in  heavy  scales,  which,  being  washed  in  water 
and  recrystallized  from  alcohol,  is  decomposed  by  muriatic  acid,  and 
the  margaric*  acid  floats.  It  is  very  soluble  in  hot  alcohol,  and  on 
cooling,  and  also  on  congealing  from  fusion,  crystallizes  in  pearly 
needles.  It  has  been  found,  both  free  and  combined,  in  the  putre- 
fied albumen  of  milk*  Its  composition  is  carbon,  79,  hydrogen,  12, 
and  oxygen,  9.    There  is  a  margarate  and  bi-margarate  of  potassa. 

3.  Oleic  acid. — ^This  acid  is  formed  along  with  the  margaric, 
in  the  soap  made  of  potassa  and  hogs'  lard.  This  oleate  of  potassa 
remains  in  solution  in  the  water,  and  is  decomposed  by  tartaric  acid ; 
the  oleate  is  then  formed  anew,  and  decomposed,  several  times  in 
succession,  to  obtain  the  acid  pure.  It  may  be  obtained  from  a  po- 
tassa soap,  made  with  a  fluid  vegetable  oil,  as  linseed.  From  the 
dried  soap,  cold  alcohol,  sp.  gr.  .821,  dissolves  the  oleate  and  leaves 
the  margarate  of  potassa  behind ;  the  aqueous  solution  of  the  oleate 
is  decomposed  by  an  acid,  and  the  oleic  acid  appears  as  an  oily  fluid, 
colorless  and  inodorous,  or  only  slightly  rancid ;  insoluble  in  water, 
but  very  soluble  in  alcohol,  and  crystallizes  at  35^  F.  Its  composi- 
tion, omitting  water,  is  carbon,  80.94,  hydrogen,  11.36,  oxygen,  7.7. 

4.  Sebacic  acid. — Obtained  by  distilling  hogs'  lard  or  suet,  and 
removing  the  fat  from  the  product,  by  melting  it  with  hot  water,  which 
dissolves  the  sebacic  acid  with  some  acetic ;  the  acetate  of  lead  pre- 
cipitates the  sebacic  acid,  and  the  sebate  of  lead,  being  decomposed 
by  sulphuric  acid,  the  sebacic  acid  floats.  It  is  soluble  in  boiling  wa- 
ter, and  still  more  so  in  alcohol ;  it  has  various  acid  properties,  per- 
haps not  worth  detailing,  as  it  is  suspected  by  Berzelius  to  be  only  a 
modified  benzoic  acid. 

Various  other  acids  are  produced,  during  saponification,  even  with 
vegetable  oils,  but  they  appear  to  possess  no  particular  importance. 

YARIETIES    OF    STEARIN    OR   OF    ANALOGOUS    SUBSTANCES. 

1.  CETiNE.f' — ^This  is  a  name  for  the  pure  stearin  of  sper- 
maceti ;  it  is  obtained  by  dissolving  it  in  boiling  alcohol,  of  which  it 
requires  about  1 3  parts ;  from  the  cooling  solution,  it  faHs  in  wliite 
crystalline  scales.  During  its  saponification  with  potassa,  a  peculiar 
acid  is  formed,  to  which  Chevreul  gave  the  name  of  the  cetic. 

2.  Adipoc  IRE  J— ;/row  adeps  and  cera^  fat  and  wax^  as  the  sub- 
stance has  a  resemblance  to  both. 

The  name  was  first  given  to  the  fatty  matter,  into  which  the  human 
bodies,  except  the  brain,  were  found,  in  a  great  measure,  converted, 
on  opening  the  graves  in  the  cemetery  of  the  Innocents  in  Paris,  in 
___ *  ■  ■    ,  ■       rf 

*  By  abbreviatioD,  iostead  of  marga'ritic. 

t  Ann.  de  Ch.  et  de  Ph.  Vol.  vii,  p.  155.    Also,  Ann.  de  Ch.  Vol.  xcv,  p.  17. 

t  According  to  Chevreul  and  Gay-Lussac,  the  fatty  matter  ia  not  formed,  but  de- 
veloped ;  Ann.  de  Ch.  et  de  Ph.  Vol.  iv,  p.  71 ;  for  a  fact  produced  by  Dr.  Thorn- 
ion,  in  support  of  the  contrary  opinion,  see  Ann.  Phikw^'  Vol.  xii,  p.  41. 
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1782.*  It  is  produced  more  promptly,  by  placing  animftl  nnncle  is 
a  perforated  box,  and  submersing  it  for  a  few  months  in  a  runniDg 
stream  ;  or  better  by  digesting  the  muscle  in  strong  nitric  acid,  and 
removbg  the  acid  by  the  action  of  water. 

Adipocire  has  lost  much  of  its  importance,  since  it  is  no  longer  re- 
garded as  a  peculiar  fatty  principle,  but  rather  as  a  soap  of  ammonia 
and  margaric  acid.  The  history  of  its  first  discovery  in  the  Pariaisi 
graves,  is  however  very  interesting. 

It  is  soluble  in  boiling  alcohol  and  ether,  from  which  it  falls  nearly 
white,  the  original  yellow  color  being  transferred  to  the  alcohol. 

3.  Cholesterinc.  {x'^>yi^  bile,  and  (Trspco^,  solid.)  This  was 
mentioned  under  bile ;  it  was  formerly  supposed  to  be  analogoos  to 
spermaceti  and  to  be  a  variety  of  adipocire,  but  it  is  now  regarded 
as  a  distinct  principle.  It  forms  the  basis  of  most  of  the  biKary  cal- 
culi. It  is  extracted,  by.  boiling  the  powdered  biliary  calculus  in  al- 
cohol ;  the  solution  is  filtered  while  hot,  and  cholesterine  crystallizes 
by  cooling.  It  is  tasteless,  inodorous,  and  insoluble  in  water  ;  great- 
ly resembles  spermaceti,  but  is  less  fusible  and  does  not  form  a  soap 
with  alkalies.  Composition,  carbon  85.095,  hydrogen  1 1 .88,  oxy* 
gen  3.025 ;  it  contains  no  nitrogen.  By  tlie  action  of  an  equal 
weight  of  strong  nitric  acid,  it  is  converted  into  a  peculiar  acid,  the 
cholesteric*  As  the  fluid  cools,  the  acid  falls,  of  a  yellow  color,  and 
more  is  obtained,  by  diluting  the  fluid  with  water.  It  is  insoluble  in 
water,  but  soluble  in  alcohol,  especially  if  hot ;  from  a  fresh  solution 
in  hot  alcohol,  it  falls  in  white  needle  crystals ;  it  reddens  litmus  and 
forms  cholesterates  with  the  bases ;  it  is  decomposed,  at  a  heat  above 
212^,  and  forms  an  oil.f  Cholesterine  has  been  found,  (as  already 
mentioned)  in  human  bile,|  and  among  other  instances,  in  that 
of  a  person  in  health,  suddenly  killed ;  also  in  that  of  the  infe^ 
rior  animals,  as  of  the  ot,  dog,  pig  and  bear.^  It  is  also  found  in 
tumors  and  abscesses,  in  parts  of  the  body  having  no  apparent  con- 
nexion with  the  liver.  II 

4.  Ambkrgris.II — ^A  concretion,  supposed  to  be  formed  in  the 
stomach  of  the  spermaceti  whale,**  (Physeter  macrocephalus  ;)  it 
is  found,  floating,  near  the  coasts  of  India,  Africa,  and  Brazil,  in 
masses  of  60  or  100  Ibs.f  f     Sp.  gr.  .849  to  .844 ;  color,  ash  gray, 


*  See  Fottrcroy*0  origfnal  memoir  in  (he  Paris  Joumali,  aT§o  Vols.  !x  and  x,  of  bb 
system,  and  (he  abstract  in  Aikintf'  and  in  Ure's  Dictionary. 

t  Ann,  dc  Chim.  et  dc  Phys.  Vol.  vi,  p.  401,  and  Jour,  de  Phar.  Vol.  iii,  p.  292. 

t  Ascertained  by  Chevrpul,  in  that  of  nine  persons. 

§  Ann.  deChim.  et  de  Phys.  Vol.  xxxi. 

|l  For  several  of  these  cases,  see  Dr.  Tumer*s  Chem.  Sd  Am.  ed.  p.  507. 

11  It  is  usually  mentioned  by  authors  as  a  resin,  but  appears  to  be  more  allied 
to  the  stearic  substances. 

**  Believed  to  be  a  production  of  disease,  because  it  has  been  takes  from  the  in- 
testines  of  sick  or  dead  whales.  ti  Ediab.  Encyc. 
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with  brownish  yellow  ami  whitis  streaks ;  smell  agreeable,  and  im- 
proves by  keeping ;  taste  insipid. 

Composition^  according  to  Bouillon  LaGrange,  62.7  adipocire, 
30.8  resin,  11.1  benzoic  acid,*  5.4  carbon .  Ambreine  is  obtained  by 
digestion  with  hot  alcohol ;  sp.  gr.  0.827 ;  on  cooling,  irregular,  volu- 
minous white  crystals  fall,  fusible  at  66^,  and  rising  in  a  white  smoke 
a  little  dbove  212^ ;  odor  of  the  crystals  agreeable,  but  it  is  lost  by 
repeated  solutions  and  crystallizations ;  it  is  tasteless  and  does  not 
form  a  soap  with  alkalies.  Nitric  acid  converts  it  into  a  peculiar  acid 
called  the  ambreic ;  the  ambreates  appear  to  be  unimportant.f 

OTHER   BODIES. 

1.  Sutyrine. — A  name  given  by  M.  Chevreul,  to  one  of  tvw)  oils 
obtained  by  melting  butter ;  they  are  combined  with  stearin,  and 
there  is  also  some  curd  and  whey,  and  butter  is  composed  of  them 
and  the  stearin  and  oils.  Butyrine  dissolves  in  cold  alcohol ;  the 
other  oil  resembles  elun.  When  butter  is  saponified  by  potassa,  and 
the  soap  is  decomposed  by  tartaric  acid,  the  water  of  the  solution  con- 
tains several  acids,  called  the  capric,  caproic  and  butyric ;  they  are 
volatile  and  give  the  peculiar  odor  to  butter. | 

M.  Chevreul  has  also  mentioned  pAentctn,  from  the  fat  of  the  ppr- 
poise,  (Delphinus  Phoccena,)  it  is  combined  with  elain,  and  affords, 
after  saponification  and  decomposition,  an  acid  called  the  pbocenic. 

The  fat  of  the  goat  and  sheep  afibrds  a  principle  called  hircine, 
and  this,  in  the  same  manner  afibrds  an  acid,  the  hirciCf  (hircus.) 

2.  Glycerine, — ^This  was  first  obtained  by  Scheele  ;  it  is,  as  it^ 
name  implies,  saccharine ;  it  was  formerly  called  the  sweet  principle  of 
oils,  and  is  formed,  or  evolved,  during  the  saponification  of  fat,  and  by 
the  action  of  metallic  oxides,  as  litharge.  It  may  be  formed  with  ol- 
ive oil  and  litharge,  equal  parts ;  they  are  heated  together ;  the  lead 
is  removed  by  a  current  of  muriatic  acid  gas ;  we  filter  and  evapo- 
rate and  obtain  a  syrupy  uncrystallizable  liquid,  which,  according  to 
Vogel,  may  be  converted  into  sugar  by  sulphuric  acid.  It  remains  in 
the  mother  water,  when  potassa  soap  is  made  ;  the  free  alkali  is  re- 
moved by  an  acid,  and  the  evaporated  syrupy  fluid  is  dissolved  in 
alcohol,  and  again  obtained,  by  evaporation,  in  the  form  of  a  sweet 
syrup,  as  above.  It  does  not  ferment,  and  when  of  the  sp.  gr.  1.27, 
is  composed  of  carbon  40.071,  hydrogen  8.925,  and  oxygen  51.004. 

3.  Artificial  fat. — Carbonic  acid  gas  1  volume,  carburetted  hy- 
drogen 2,  and  hydrogen  20,  being  passed,  in  mixture,  through  an  ig- 


*  Others  have  failed  to  find  benzoic  add. 
f  Ann.  of  Phil.  Vol.  xvi,  p.  93. 

X  For  numerous  details  respecting  butter,  see  Ann.  de  Chim.  et  de  Phys;  Vol. 
xxK,  p.  366. 
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nited  porcelain  tube,  afibrded  small  white  crystals,  wfaich  floated  so 
water,  dissolved  in  alcohol  and  became  an  oil  by  beat.*  A  nuxue 
of  coal  gas  and  aqueous  vapor  afibrded  a  similar  compound.f 

4.  Cerebral  pvlp. — ^This  might,  with  perbaps  more  propriety,  have 
been  mentioned  under  albumen,  but  as  it  contains  oils,  it  may  be  allow- 
ed to  faU  into  the  train  of  the  fatty  bodies,  not  as  a  proximate  principle, 
but  as  an  appendage.  Its  composition  is,  in  100  parts,  water  80,  ^ 
bumen  7,  white  fatty  matter  4.53,  red  fatty  maaer  0.70,  osmazofne 
1.12,  phosphorus  1.5,  acids,  salts  and  sulphur  5.15.{  The  nerrei 
and  spinal  marrow  are  similar  to  the  brain. 

On  account  of  the  albumen  which  it  contains,  the  brain  is  parth 
soluble  in  water,  and  is  coagulated  by  heat,  acids,  and  various  me- 
tallic salts.  It  is  partly  saponified  by  alkalies,  and  the  oils  and  osma- 
zome,  with  which  the  soap  is  formed,  are  soluble  in  alcohol ;  afta 
evaporation,  the  osmazome  is  taken  up  by  cold  alcohol,  and  the  oi 
remains.  In  the  cemetery  of  the  Innocents,  the  brain  was  not  crbang- 
ed  into  adipocire,  (see  adipocire.) 

SOAF. 

In  a  work  like  the  present,  we  can  do  little  more  than  indicate  the 
principles  of  the  important  chemical  arts,  omitting  most  of  their 
details.^  Soap  may  be  mentioned  under  either  vegetable  or  animal 
oils,  as  It  is  made  from  both,  but  to  avoid  repetition,  a  more  exact 
account  of  its  composition  has  been  reserved  for  this  place. 

Soap  was  knoton  to  the  ancients;^  it  is  often  named  in  the  CHd 
Testament ;  the  English  word  is  said  to  be  from  sapo^  tfairC^. 

The  soaps  commonly  known,  are  formed  only  between  causdc 
alkalies  and  oils,  vegetable  or  animal ;  the  hard  soaps  are  made  with 
soda  and  the  soft  with  potassa. 

1 .  Hard  and  soft  soap.^ 

White  soapf  of  olive  oU  and  barilla;  of  the  latter  500  lbs.  are  ren- 
dered caustic  by  boiling  with  100  of  lime,  and  the  ley  wUl  saponify 
600  lbs.  of  olive  oil ;  it  is  concentrated  by  evaporation,  and  added, 
eitlier  aU  at  once  or  by  portions,  heat  being-  usually  employed ;  it 
can  however  be  made  in  the  cold ;  the  soap  separates  from  the  spent 


•  Berard,  Thomson's  Ann.  Vol.  xii,  p.  41.  \  Dobereiner. 

t  Ann.  Phil.  Vol.  i,  p.  332. 

§  See  Vol.  I,  p.  242.  The  important  work  of  Gheyreul,  and  another  by  Dumas, 
on  Chemistry,  applied  to  the  arts,  have  recently  arrived  in  this  country,  but  I  have 
not  had  opportunity  to  consult  them.  ||  Aikins. 

II  Different  degrees  of  hardness  in  soaps  are  obtained  by  using  potassa  and  soda,  at 
the  same  time,  in  various  proportions,  and  soaps  are  colored  blue  by  indigo,  yellow 
by  turmeric,  &c. 
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ley.  Medicinal  soap  is  made  in  the  cold,  with  2  parts  of  olive  oil  and 
1  of  caustic  soda;  they  are  a  good  while  agitated  together,  and  when 
they  have  acquired  a  certain  degree  of  consistency  the  mass  is  cast  in 
earthen  moulds. 

Soap  of  tallow  is  made  in  England,  and  largely  in  the  U.  States, 
and  is  the  best  in  common  use;  when  seemed  with  oil  of  caraway 
seeds  and  cast  in  a  mould,  it  is  used  for  the  toilette  and  called  Wind- 
sor soap.  Hogs'  lard  is  also  used  for  toilette  soap.*  Sometimes 
fishf  oil  is  used  for  coarse  soaps,  as  well  as  oil  of  nuts,  linseed  oil,  iac, ; 
rosin  is  often  added  to  impart  the  yellow  color  and  the  odor.  J  Com- 
mon salt  improves  soft  soap,  and  even  converts  it  into  hard ;  8  lbs. 
of  potash  soap  of  olive  oil  are,  by  boiling  2  hours  with  6  lbs.  of  com- 
mon salt,  turned  into  5  lbs.  of  hard  soap;  the  great  loss  of  weight  is 
occasbned,  chiefly,  by  the  water  of  the  soft  soap. 

Soft  soaps  are  more  acrid  than  the  hard;  the  spent  ley  does  not  sep- 
arate, but  concretes  with  the  proper  soap.  In  making  the  domestic 
soap  of  this  country,  commonly  a  half  bushel  of  lime  is  used  for  a  hogs- 
head of  ashes ;  the  ley  bears  an  egg,  €nd  about  30  lbs.  of  animal  fat 
(the  remains  of  cooked  meat^)  are  saponified  by  two  pails  full  (about 
6  or  8  gallons)  of  the  ley,  which  is  added  by  degrees  and  boiled. 
Cold  soap  is  made  by  adding  a  similar  ley  to  the  melted  grease,  but 
it  takes  some  days  or  weeks. 

Marbled  or .  veined  soaps;  to  the  soap  just  separated  from  the 
spent  ley,  new  ley  is  added  and  then  solution  of  sulphate  of  iron, 
whose  oxide  is  thus  precipitated  black  or  dark  green,  and  the  red  ox- 
ide of  iron,  (colcothar,)  diffused  in  water,  is  stirred  in,  and  by  manu- 
al dexterity,  it  is  mixed  so  as  to  produce  the  peculiar  appearances. || 

Jl  soap  of  bees  wax  is  made,  which  is  employed  chiefly  in  encaustic 
painting. 

Properties  of  alkaline  soaps. 

Detergent 9  because  the  alkali  is  not  entirely  blunted  ^by  the  combir' 
nation;  alkalies  are  more  powerful  without  the  oil,  but  they  are  too 
energetic ;  soda  is  however,  much  used  in  Great  Britain. 

Solvble  or  diffusible  in  water^  without  limit ;  a  viscous  solution, 
easily  inflated. 

Soluble  in  alcohol ;V  decomposed  by  acids  which  take  the  base ; 
the  alcoholic  solution  detects  free  acids  and 'earthy  salts  in  water. 

*  Other  toilette  soaps  are  made  wilh  butter,  or  with  almond,  nut  or  palm  oi),  &c. 

t  Its  offensive  smell  rauses  it  to  be  rejected,  except  for  manufacturing  purposes. 

t  Proportions,  for  a  good  yellow  soap— tallow  25,  oil  4||,  rosin  7,  barilla  18,  residu- 
um of  waste  ley,  evaporated  and  calcined,  10,  and  palm  oil  ^  a  part. 

§  Of  the  nature  of  tallow  or  suet,  but  they  use  also  rancid  butter,  hogs'  lard,  &c. 

|[  For  other  particulars  and  varieties  of  the  process  in  forming  this  soap,  see  Gay- 
Lussac's  Cours,  Vol.  II,  Le^on  29,  p.  6. 

IT  Alcohol,  saturated  with  soap  at  ebullition  and  allowed  to  cool,  forms  a  yellow 
and  transparent  mass,  and  if  it  is  a  soda  soap  of  tallow  or  suet,  it  is  so  transparent 
that  objects  can  be  distinctly  seen  through  it,  when  it  is  half  an  inch  thick. 
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Earthy  so^ps. — Formed  between  an  aqueous  adution  of  aoap  md 
one  of  the  soluble  earthy  salts ;  alum,  salpbate  of  magoe^a,  muciate 
of  baryta  and  muriate  of  lime,  are  good  examples.*  Except  thai 
with  basis  of  magnesia,f  they  are  all  insoluble  aod  cannot  be  ulsedis 
detergents.     Such  soaps  are  formed  with  bard  waters. 

Metallic  soaps. — Formed  m  the  same  manoer ;  solutions  of  av> 
rosive  sublimate,  blue,  white  and  green  vitriol,  and  sugar  of  kad, 
decomposed  by  an  aqueous  solution  of  soap,  are  instances;  tbey 
are  insoluble  and  not  detergent. 

Plasters  were  mentioned  under  the  vegetable  oils,  (p.  434.)  Oik 
unite  with  metallic  oxides,  both  by  trituration  and  by  heat;  oxxe 
easily  in  the  latter  mode,  and  the  oxides  of  lead,  mercury  aod !» 
muth,  are  most  frequently  employed.  The  most  common  flasteris 
made  by  boiling  olive  oil  2  parts  with  litharge  1,  in  a  little  water;  it 
is  a  soft  solid. 

Soap  of  ammonia — volatile  Kntmen^.-^Forroed,  instamaneoudy^hy 
simple  agitation  of  strong  water  of  ammonia  I  part,  in  a  vial,  inth.8 
parts  of  olive  oil ;  or  by  mingling  muriate  of  ammonia  with  aqueoos 
solution  of  soap. 

It  is  advantageously  used,  in  some  cases  of  external  inflammatioo, 
and  of  bites  of  poisonous  animals  and  stings  of  poisonous  insects. 
In  a  close  vessel  it  keeps  for  years,  but  is  decomposed  in  the  air. 

Soaps  of  essential  oils. — ^These  are  litde  known ;  an  imperfect 
combination  with  oil  of  turpentine  and  potassa,  is  formed  by  agitatka 
or  trituration,  and  a  preparation  of  this  kind,  made  by  an  alchemist  of 
the  name  of  Star  key,  once  had  SQipe  reputation,  (p.  442,  note.) 

Acid  soaps. — Even  the  acids  combine  with  oils  and  produce  sa- 
ponaceous compounds,  in  which  the  acid  properties  are  very  cod- 
siderably  neutralized,  j; 

Saponification;  theory  of  the  process. 

In  consequence  of  the  discoveries  of  Chevreul,  we  can  no  longer 
say,  as  formerly,  that  the  oils  simply  unite  with  the  alkali. 

The  theory  now  to  be  stated  has  been,  in  a  great  measure,  antici- 
pated by  the  statements  already  made  relative  to  the  peculiar  adds 
developed  during  the  combination  of  oils  with  alkalies. 

Soaps,  then,  are  definite  compounds  of  those  acids  with  the  ottobf 
bases  and  a  definite  quantity  of  water,  while  the  glycerine  or  sweet 


*  See  BertboHef  B  memoir,  Nich.  Jour.  4to.  Vol.  I,  p.  170. 

t  This  is  soluble  in  alcohol  and  io  fixed  oils. 

X  Nitric  acid  oxygenizes  fat;  one  sixteenth  of  nitric  acid  being  added  to  melted 
lard,  the  mixture  is  af^itated ;  nitrous  gas  and  nitrogen  rise,  and  the  f»t  heeao^ 
firmer  and  granular ;  the  acid  is  removed  by  washing,  and  the  preparatioD  is  aw 
for  ointments;  it  is  soluble  in  alcohol ;  this  b  not  however  mentioned  as  a  soap- 


^^ 


ANIMAL  ACIDS.  585 

principle,  is  left  in  solution.  When  a  hot  solution  of  potassa  or  soda 
is  added  to  fat,  the  solid  pearly  matter,  called  margaric  acid,  is  formed, 
and  the  elain  becomes  oleic  acid,  and  thus  a  margarate  and  an  oleate 
of  the  base  are  formed  in  various  proportions,  according  to  the  na- 
ture of  the  oil.  The  compounds  are  in  equivalent  proportions  but 
differ  in  different  soaps. 

Those  made  with  die  fat  of  pork,  mutton,  beef,  8cc.  contain  chiefly 
stearate,  margarate  and  oleate ;  human  fat,  chiefly  the  two  latter ; 
that  of  the  sea  hog  contains,  in  addition,  the  phocerate.  The  veget- 
able oils  afford  the  margaric  and  oleic  acids.  The  soaps  are  now  rC" 
garded  as  double  salts,  and  the  acids  vary  with  the  kind  of  oil.  The 
soaps  are  insoluble  in  the  spent  ley  which  dissolves  the  glycerine. 
When  the  solutions  of  soap  are  decomposed  by  stronger  acids,  e.  g. 
the  muriatic,  tartaric,  or  phosphoric,  the  acids  of  the  oils  are  separated 
and  generally  float.  The  stearic,  margaric  and  oleic  acids  have  been 
obtained  by  the  distillation  of  oils  -and  fat  or  suet,  and  strong  sulphu- 
ric acid  develones  them  from  the  latter ;  thus  they  are  produced  by 
the  agency  of  alkalies,  acids  and  fire. 

The  earthy  and  metallic  soaps  and  the  plasters  are  all  governed 
by  the  same  law;  they  are  margarates,  stearates,  oleates,  &zx;.  of  their 
respective  bases.  Thenard  suggests  a  doubt  whether  the  volatile  lin- 
iment is  a  true  soap.* 

Sec.  VIII. — Acids 
derived  from,  or  having  relation  to,  animal  substances* 

Remark. — Several  of  the  acids  that  have  been  abeady  described 
under  animal  substances,  might  have  been  included  under  the  present 
head,  but  their  properties  were  more  intelligible  in  the  place  where 
they  have  been  introduced. 

I.  Uric  Acid. 

1.  Discovered  by  Scheele,f  in  1776;  found  in  urine,  and  when 
it  is  m  a  healthy  state,  uric  acid  always  exists  in  it,  generally  united  to 
some  alkali,  and  usually  to  ammonia ;  in  union  with  soda,  it  forms  a 
part  of  gouty  concretions;  what  is  called  the  gravel,  consists  princi- 
paUy  of  uric  acid ;  it  is  of  a  brick  red  color,  and  being  little  soluble^ 
It  is  speedily  deposited  as  urine  grows  cold  ;  adheres  so  strongly  as  to 
require  friction  to  detach  it.  It  forms  the  yellow  calculi,  and  those 
that  resemble  wood  in  color  and  appearance,  and  also  the  white  part 
of  the  excrement  of  birds.    The  solid  urine  of  birds  of  prey,  as  the 


•  Chem.  6th  Ed.  Vol.  iv,  p.  71,  note. 

t  Called  by  him  the  lithic  acid»  upon  the  tupposition  that  the  urinary  concretions, 
(atones,  9u^o(,)  were  all  formed  of  this  acid. 

Vol.  n.  74 
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eaple,  and  of  aerpeols,  as  the  boa  oonBtrictor,  is  abnoat  eu^Mj  vk 
acid  or  sub-vrate  of  aaoiooia.*  h  is  ibiiod  in  the  excrement  of  ik 
biHterflv  and  of  the  ailk  wonn. 

2.  rroeeu* 

(a.)  Dr.  Henry'a  process  is  to  diaohk  ike  patoder  cf  a  uric  eal» 
lui  in  a  solution  of  poiaua;  ike  dear  solution  i»  decomposed  hj  w- 
riatic  add^  in  excess,  and  the  precipitate  is  washed  abimdaotlj  and 
dried  al  2130.f 

((•)  ne  redy  uric  deposits  from  human  tfrtne,  (not  putre6ed,)  Mf 
he  substihUed;  either  caustic  potash  or  soda  maj  be  used,  and  a 
adding  the  muriacie  acid,  the  uric  acid  faUs,  as  a  geladnous  bydme; 
m  wUte  fbocoli,  which  become  brilliant  plates  or  gnuos,  grejor 
greenish;  it  is  washed  until  the  water  no  longer  troubles  mtmerf 
aiker,  and  is  then  dried  as  above. 

8«  Properties* 

(a.)  M/ben  pure,  awkiie^  inodorous^  tasteless  powder ;%  solohbs 
17S0  parts  of  cold  water  and  1 150  of  boiling,  but  on  cooliag,  molt 
of  it  precipitates.  Dr.  Prout  found  that  10000  of  cold  water  ivere 
required  to  dissotre  1.    It  reddens  litmus;  it  is  insoluble  in  aleoboL 

{b.)  Combines  witk  pure  fixed  alkalies^  added  m  excess,  but  doei 
not  effisrvesce  with  alkaline  carbonates;  die  carbonate  of  soda  is  de- 
composed bj  boiling  with  it,^  and  a  stream  of  carbonic  acid  decon- 
poses  the  urate  of  potassa ;  the  neutral  urates  of  potassa  aod  soit 
are  not  much  more  soluble  than  the  acid  itself.  ||  The  urate  of  tmr 
mania  is  soluble  in  cold  water j  but  more  so  in  boiling. 

(c.)  Uric  acid  is  soluble  in  ike  nitric  addy  or  ratker  tkeyprodsa 
a-  tfusUual  decomposition,  and  a  pink  color  ;^  urine  gives  tie  tase 
color  ufitk  nitric  aeidj  owing  to  the  uric  acid,  and  by  concentiattf 
the  Mrine,  or  by  dropping  in  an  acid,  the  latter  is  often  deposited. 

(d.^  On  evaporating  ike  nitric  solution  of  uric  add  neartj/todnf' 
nesSf  tt  assumes  a  fine  crimson  color,  which,  by  the  addition  of  water, 
becomes  deeper  and  resembles  carmine;  for  this  purpose  a  ieir 
drops  of  nitric  acid,  slightly  diluted,  may  be  mixed  in  a  watch  ^ass 
with  uric  acid  and  evaporated  to  dryness ;  the  aqueous  solutioD,  ina 
few  hours,  loses  its  color  irrecoverably.** 

(e.)  By  repeatedly  distilling  nitric  acid  firm  off  ike  uric,  the  Ut- 
ter is  decomposed,  carbonic  and  nitrogen  gases  are  evolved,  prua- 

*  Add.  PhlkM.  Vol.  vl,  p.  7S. 

f  Soda  may  bo  oied  instead  of  potaan,  and  tbo  acetic  or  aulpfauric  add  miy  be 
^ded  to  nrecipitate  it 

I  Dr.  Henry  suggests  tliat  a  specimen  which  he  examined  might  have  contained 
urate  of  ammonia.  §  Thornton. 

U  For  Dr.  Henry's  account  of  the  urates,  see  Manchester  Society's  Memoir^ 
Vol.  ii,  N.  S. 

%  If  diiute,  the  fluid  is  of  a  pink  color,  when  concentrated,  a  deep  crimson.— A.  A- H. 

**  Thomson,  in  Ed.  Encyc. 
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sic  aoid  »  diseogaged,  and  tbe  residuary  fluid  d6{K>8its  CffyAals  of 
nitrate  of  ammonia.  Chlorine  produces  muriate  of  ammoniay  and 
oxalic  and  malic  acids. 

{/.)  Destructive  disiiUaiion  gives  a  sublimate  of  a  yeUow  color ^ 
containing  no  uric  acid,  but  a  new  and  peculiar  one,  combined  with 
ammonia,  also  a  little  oil,  carbonate  of  ammonia,  prussic  acid,  water 
and  carbonic  acid,  and  about  one  sixth  of  charcoal,  remains. 

(g.)  Composition* — ^The  carbon  is,  in  volume  2,  to  nitrogen  1,  as 
in  cyanogen,^  and  the  hydrogen  is  in  greater  proportion  than  to 
form  water.f  The  latest  analysis  of  Dr.  rrout,  gives  carbon  6  equiv. 
«36+ oxygen  3=24  +  nitrogen  2=28  +  hydrogen  2=90;  and  if 
2  equiv.  of  water  18,  supposed  by  Dr.  Thomson  to  be  contained  in 
the  crystallized  acid  analysed  by  Dr.  Prout,  are  deducted,  the  eqUiv. 
of  the  acid  will  be  ^2. 

Pyro-uric  (cyanic)  acid, — Formed  by  the  action  of  heat  lyon  urie 
acid;  it  is  the  yellow  matter  sublimed  as  stated  in  (/•) ;  first  ob- 
served and  partially  examined  by  Dr.  Henry,  and  afterwards  more 
fully  by  Chevalier  and  Lassaigne.} 

The  aaueous  solution  of  Ae  yellow  matter,  being  decomposed  by 
acetate  ot  lead,  the  lead  is  removed  by  sulphuretted  hydrogen,  and 
the  filtered  and  evaporated  liquor  yields  white  needle  crystals. 

Properties. — Sotvhle  in  40  parts  of  water j  and  from  boiling  alco- 
hol, faUs  in  grains ;  reddens  vegetable  blues ;  sublimes  undecompos- 
eAy  and  condenses  in  white  needles ;  dissolves  in  nitric  acid,  and  is 
recovered  unchanged ;  form/  salts  which  are  not  decomposed  by 
acids,  and  do  not  precipitate  metallic  salts ;  resembles  both  suceinie 
and  benzoic  acids,  but  difilers  from  both ;  composition  the  same  as 
that  of  the  uric  acid,  but  the  elements  are  in  dlfTerent  proportions* 

Remark* — ^As  it  is  now  proved  that  the  pyro-urtc  acid  is  ideAOCfd 
with  the  cyariic  acid,^  any  mention  of  it  m  this  place,  might  have  - 
been  omitted,  but  its  connexion  with  uric  acid  has  indaced  fi^  to  leC 
it  remain  where  it  has  hitherto  stood  in  systems. 

II.  Purpuric  acid.D 

1.  JFbrmecZ  by  the  decomposition  of  uric  add  by  the  nitric;  tbe 
red  color  mentioned  in  tbe  last  article  is  owing  to  purpurate  of  am- 
monia, for  this  acid  forms  purple  colored  salts,  a  property  which 
however  does  not,  in  strictness,  belong  to  the  acid,  but  to  some  animal 
matter,  evolved  at  the  same  time  when  the  acid  is  formed. 


*  Gay-Lumacy  Ann.  de  Chim.  Vol.  xcvi,  p.  58. 

t  Berard,  Ann.  Ch.  etde  Ph.  Vol.  v,  p.  S95. 

t  Ann.  Pbilos.  Vol.  xri,  p.  26.  6  Eng.  Quar.  Jour.  No.  14,  p.  426. 

II  Pr.  Prout,  Phil.Trang.  1818. 
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earie,  and  of  aerpeola,  as  the  boa  oonstrictor,  is  almost  entirely  uric 
acid  or  sub-vrate  of  aoBBioiiia.*  h  is  found  in  the  excrement  of  the 
butterfly  and  of  the  silk  worm. 

2.  Process. 

(a.)  Dr.  Henry's  process  is  to  dissolve  the  powder  of  a  urie  cdat- 
lus  in  a  solution  of  potassa;  the  dear  solution  is  decomposed  by  mu- 
riatic acid,  in  excess,  and  the  precipitate  is  washed  abundantly  and 
dried  at  2l2P.f 

((.)  The  redy  uric  deposits  from  human  urine,  (not  putrefied,)  mm/ 
he  suostihUed;  either  caustic  potash  or  soda  may  be  used,  and  on 
adding  the  muriadc  acid,  the  uric  acid  fafls,  as  a  gelatinous  hydrate, 
b  wlttte  flooculi,  which  become  brilliant  plates  or  grains,  grey  or 
greeni^ ;  it  is  washed  until  the  water  no  longer  troubles  nitme  of 
sUrer,  and  is  then  dried  as  above. 

8.  Properties, 

{a.)  When  pure,  a  wkUe,  inodorous^  tasteless  powder ;%  sbluUe  in 
17S0  parts  of  cold  water  and  1150  of  boiling,  but  on  codling,  most 
of  it  precipitates.  Dr.  Prout  found  that  10000  of  cold  water  were 
■recniired  to  dissotre  1.    It  reddens  litmus;  it  is  insoluble  in  alcohol. 

\b.)  Combines  with  pure  fixed  alkalies,  added  in  excess,  but  does 
not  effervesce  with  alkaline  carbcmates;  die  carbonate  of  sock  is  de- 
composed by  boiling  with  it,^  and  a  stream  of  carbonic  acid  decom- 
poses the  urate  of  potassa ;  the  neutral  urates  of  potassa  and  soda 
are  not  much  more  soluble  than  the  acid  itself.  ||  The  urate  of  coi- 
m/onia  is  soluble  in  cold  water,  but  more  so  in  boiling. 

(c.)  Uric  acid  is  soluble  in  the  nitric  acid,  or  rather  they  produce 
a-  mmiud  decomposition,  and  a  pink  color  ;ir  urine  gives  the  same 
eohr  toith  nitric  acid,  owing  to  the  uric  acid^  and  by  concentrating 
the  iirbe,  or  by  dropping  in  an  acid,  the  latter  is  often  deposited. 

(d.^  On  evaporating  the  nitric  solution  of  uric  acid  nearly  to  dry- 
ness, it  assumes  a  fine  crimson  color,  which,  by  the  addition  of  water, 
becomes  deeper  and  resembles  carmine ;  for  this  purpose  a  few 
drops  of  nitric  acid,  slighdy  diluted,  may  be  mixed  in  a  watch  glass 
witn  uric  acid  and.  evaporated  to  dryness ;  the  aqueous  solution,  in  a 
few  hours,  loses  its  color  irrecoverably.^* 

(fi.)  By  repeatedly  distilling  nitric  add  from  off  the  uric,  the  lot* 
ter  is  decomposed,  carbonic  and  nitrogen  gases  are  evolved,  prus- 

*  Ann.  PhlloB.  Vol.  vi,  p.  76. 

f  ,SiMihi.may  be  uied  instead  of  potaam,  and  tbe  acetic  or  aulpfauric  acid  may  be 
added  to  precipitate  it 

I  Dr.  Henry  suggests  that  a  specimen  which  he  examined  might  have  contained 
urate  of  ammonia.  §  Thomson. 

H  For  Dr.  Henry's  account  of  the  urates,  see  Manchester  Society's  Memoirs. 
Vol.  ii,  N.  S. 

%  If  dilute,  the  fluid  is  of  a  pinlc  color,  when  concentrated,  a  deep  crimson. — A.  A.  H. 

**  Thomson,  in  Ed.  Encyc. 
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IV.  Formic  acid. 

Originally  extracted  from  the  anty  (Formica  rufa,)  but  afterwards 
supposed  to  be  only  a  variety  of  acetic  acid,  mixed  with  the  malic ; 
or  of  phosphoric  acid  and  animal  matter.  It  resembles  acetic  acid 
in  properties,  but  differs  in  composition  ;  in  this  particular  it  is  near- 
ly idendcat  with  the  oxalic. 

^  It  may  be  formed,  by  gently  heating  bi-tartrate  of  potassa  or  tarta- 
ric acid  with  black  oxide  of  manganese  and  water.  As  the  subject 
is  not  very  important,  I  dismiss  it  after  citing  some  authorities.* 

The  amniotic  acid,  obtained  by  Vauquelin,  by  evaporating  the 
fluid  of  the  amnion,  when  it  fell  in  white  crystals  which  reddened 
vegetable  blues  ;  it  was  brilliant,  sour,  and  soluble  in  warm  water  and 
in  alcohol ;  other  chemists  however,  have  not  succeeded  in  obtaining  it, 
and  its  peculiar  character  is  not  certain.  The  fluid  contains  a  little 
albumen  and  gelatin,  soda,  muriate  of  soda,  and  phosphate  and  car- 
bonate of  lime ;  a  little  sugar  of  milk  has  also  been  found. 

The  hippuric  add, — ^This  name  has  been  given  to  a  peculiar  acid 
existing  in  the  urine  of  herbivorous  animals.  From  that  of  the  horse, 
(/rro^,)  muriatic  acid  throws  down  a  yellowish  brown  precipitate,  which 
is  washed,  boiled  with  quick  lime  and  water,  and  filtered  and  purified 
hy  chloride  of  lime  and  charcoal  j  to  the  hot  liquid  a  great  excess  of 
muriatic  acid  is  added,  and  on  cooling,  prismatic  crystals  appear  3 
or  4  inches  long,  white,  shining  and  translucent,  and  differing  from 
benzoic  acid  in  form,  and  in  being  more  soluble  in  water  and  in  other 
properties.  It  contains  1  equiv.  of  nitrogen,  while  the  benzoic  acid 
contains  none ;  it  contains  also  more  carbon  and  oxygen,  and  less  hy- 
drogen. By  sublimation,  it  afibrds  benzoic  acid,  which  is  formed  in 
the  process  and  did  not  exist  previously  in  the  urine  as  stated  at  p.  483, 
of  this  volume.  This  correction  is  made  by  Leibig,f  who  remarks 
that  he  has  not  been  able  to  extract  the  smallest  quantity  of  benzoic 
acid  from  the  food  of  horses. 

Saccho-laciic  acid. — Discovered  by  Schede^  in  1780,  by  causing  3 
parts  of  nitric  add  to  actj  with  a  gentle  heat,  upon  one  of  sugar  of 
mUJc  ;  gum  is  usually  substituted,  and  the  acid  obtained  from  it  has 
been  called  mucous  or  mucic  acid  ;  in  either  case,  the  acid  precipi- 
tates in  the  form  of  a  white  powder,  and  by  washing  with  water,  it  is 
separated  from  the  oxalic  and  malic  acids,  which  are  formed  at  the 
same  time.  It  is  purified  by  combining  it  with  ammonia,  dissolving 
in  boiling  water,  filtering,  evaporating  to  dryness,  washing  with  cold 
water,  redissolving  m  boiling  water,  and  dropping  the  saturated  hot 
solution  into  dilute  cold  nitric  acid.| 

*  Ann.  de  Cbim.  Vol.  Ixiv,  48 ;  Thomson's  Ann.  Vol.  v,  p.  24,  and  Ann.  of  Philos. 
N.  S.  Vol.  iv,  p.  810. 
t  Eng.  Quar.  Jour.  N.  S.  No.  14,  p.  424. 
X  Turner,  quoting  Prout. 
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Propertia. — ^A  white  gritty  powder,  slightly  acid  to  the  taste,  and 
feebly  reddening  the  tincture  ot  tumsol }  soluble  in  60  pans  of  boifai 
water,  and  deposits  small  crystals  on  cooline ;  decomposed  by  beat 
and  yields  the  usual  vegetable  products,  besides  a  white  sublimste, 
which  has  been  called  the  pyro-mucic  acid. 

Composition.^^ZThon  33,  oxygen  61.5,  hydrogen  4.9^  (Ptoot,) 
and  with  this  the  analyses  of  Gay-Laissac  and  of  Berzdius,  vwf 
nearly  agree ;  its  constitution  by  equivalents  is  inferred  to  be  caiboi 
6=36,  oxygen  8=64,  and  hydrogen  5=105  for  its  equivalent. 

The  saccho-lactates  are  of  little  importance ;  those  of  the  alkalies 
are  very  soluble,  and  those  of  the  earths  so  much  less  soluble,  dnt 
the  alkaline  earUis,  by  taking  the  acid  from  the  alkaline  saccbo-hc- 
tates  form  white  precipitates  in  strong  solutions. 

The  saccbo-lactate  of  ammonia  is  decomposed  by  heat  and  lea?es 
the  acid,  while  the  other  salts  of  this  class  suifer  the  acid  to  be  de- 
composed and  leave  the  base. 

PRUSSIC  COMPOUNDS.* 

Remarks. — ^It  has  been  already  stated,  (p.  267,  of  this  volmnc,) 
that  in  1704,f  Prussian  blue  was  accidentally  discorered  at  Berlin. 
The  coloring  principle  which  is  produced  by  the  reaction  of  the  ele- 
ments of  bl(K>d  or  other  animal  matter,  when  moderately  heated  wiA 
an  equal  weight  of  fixed  alkali,  is  capable  of  being  transferred  from 
its  union  with  the  latter,  so  as  to  precipitate  from  a  solution  of  a  per 
salt  of  iron,  the  fine  pigment  with  which  the  chemist  commences  iB 
his  experiments  on  the  prussic  compounds.  Prussian  blue  is  digest- 
ed with  diluted  muriatic  or  sulphuric  acid  to  remove  the  alumina  with 
which  it  is  mixed,  and  then  it  is  fit  to  be  used  in  forming  the  otfaer 
prussic  combinations.  There  is  a  difficulty  on  the  ground  of  antici- 
pations in  beginning  the  history  of  these  compounds  at  any  particular 
pobt.  We  will  begin  with  the  basis  of  prussic  acid.  This  is  obtained 
from  what  was  formerly  caUed  the  prussiaie  of  mercury,  now  the  cy- 
anuret,  which  is  formed  by  boiling  together  in  a  sufficient  quantity  of 
water,  the  red  oxide  of  mercury  with  twicej  as  much  prussian  blue. 

By  evaporation,  the  cyanuret  crystaUizes  in  white  or  yeOowzsb 
brown  crystals,  which  are  prisms  of  four  sides,  and  from  these  we 
obtain  the  cyanogen,  the  basis  of  prusac  acid. 

CYANOGEN. 

From  xuavo;,  blue,  and  t'sivo^i,  to  produce,  because  it  was  sup- 
posed to  be  the  basis  of  Prussian  blue ;  (discovered  by  Gay-Lussac 
in  1815.)^ 

*  For  fuller  notices  of  the  discovery  of  Prussian  blue,  see  Cooper's  ThomsoDi 
VoL  ii,  p.  221 ;  AlUns*  Diet.  Vol.  ii,  p.  261 ;  Th^oard's  Cbein.  5th  Ed.  Yol.  \r»  p- 
486,  and  Phil.  Trans.  1724.  \  Th^nard— most  authors  say  1710. 

t  These  proportions  are  preferable  to  those  stated  on  p.  417,  Vol.  i. 

§  Ann.  de  Chim.  Vol.  xcv,  and  Thorn.  Aifn.  Vol.  viii,  p.  87. 


CYANOGEN.  691 

1.  Process. 

(a.)  Id  a  small  glass  retort,*  heat,  by  a  lamp  or  a  few  coals,  very 
dry  cyanuretf  of  mercury,  it  begins  to  blacken  and  melt  like  an  ani- 
mal matter,  and  then  the  cyanogen  is  disengaged  in  abundance  ;|  the 
sole  products  are  cyanogen  gas,  volatilized  mercury  and  residuary 
charcoal  ;^  but  if  moist,  it  furnishes  carbonic  add,  ammonia  and  by- 
dro-CTanic  or  pmssic  acid. 

(b.)  At  every  degree  of  heat  below  that  wUch  mehs  tfae  gfauss,  the 
cyaiu^gen  is  pure. 

2.  rroperiies, 

(a.)  Cyanogefi  is  m  permanmt  elastic  fiuid,  at  the  oomrnon  pres^ 
sure  zaA  teniperatiire.  Mr.  Faradaiyyby  causing  it  to  be  evolved  in 
sealed  glass  tubes,  under  iU  aitnpreuwre,  obtained  it  in  the  form  (f 
a  fluid,  limpid  and  suffering  no  change  at  OP  F. ;  its  sp.  gr.  was  al- 
most 0.9 ;  the  pressure  was  not  over  3jt  atmospheres  at  45^  F. ; 
when  the  tube  was  opened,  it  became  again  cyaiK^eii  gas,  aod  its 
evaporation  produced  considerable  cold.|| 

f  i.)  Odor  undefinable,  but  is  lively  and  penetrating. 

(c.)  Inflammable^  and  btams  mih  an  intensely  beautifid  bluish 
flame  mixed  vnih  purple  ;  the  appearance  of  the  flame  is  very  pecul- 
iai ;  no  water  is  formed  during  its  combustion,  even  when  the  re- 
ceiver is  cooled  by  ice,  (Davy^  but  carbonic  acid  is  produced  and  ni- 
trogen disengaged. 

\d.)  Density  by  experiment,  air  being  1.  is  1.8064;  by  cat- 
ctdaiion,  it  is  1.8055 }  100  cubic  inches,  at  60^  F.,  weigh  55  grs. ; 
it  supports  a  very  high  temperature  without  decomposition. 

(e.)  Water,  by  agitation  at  60^  F.  absorbs  almost  4^  vohanes,  and 
the  taste  of  the  solution  is  diarp  and  penetrating.  Ether  and  oil 
of  turpentine^  about  as  much  as  water ;  alcohol  absorbs  23  times  its 
volume* 

(/•)  Tincture  oftumsol  is  reddened  by  it,  and  when  the  absorbed 
ps  is  expelled  by  beat,  the  color  returns  and  some  carbonic  acidlT 
IS  expelled. 


*  A»thd  beat  which  readily  decomposes  tile  cyanuret  is  very  nearly  that  which 
melts  the  glass,  I  usually  coat  a  small  retort  thinly  with  fire  lute,  applied  by  the 
hand  and  dried,  at  the  moment,  b^  the  open  fire  ;  then  the  experiment  will  never  fail ; 
the  volatilized  mercury  collects,  m  myriads  of  globules,  which  are  distinct  when  seen 
with  a  magnifier,  although  to  the  naked  eye  the  glass  may  appear  only  clouded 
with  a  gray  sublimate. 

t  Or  bi'cyanuret,  as  it  has  two  equivalents  of  cyanogen. 

\  The  cyanuret  of  silver  answers  also,  but  that  of  mercury  is  the  best 

8  A  good  deal  of  the, cyanuret  is  volatilized. 

H  Mr.  Bussy  succeeded  in  solidifying  cyanogen  by  cold  alone  ;  Ann.  de  Chim.  et 
de  Phys.  Vol.  ;txvi,  p.  66. 

If  The  result  of  a  partial  decomposition  and  the  probable  cause  of  the  reddening; 
other  acids  may  have  been  also  formed. 
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(g.)  f^olatilized  phatphorusj  nJphur  and  iodine,  proJhuu  » 
change  in  cyanogen,  nor  does  hydrogen,  either  by  heat  or  by  the 
electric  spark. 

(A.)  Copper,  gold  and  platinum,  do  not  combine  with  it,  but  im 
at  almott  a  tohite  heatj  decompaaes  it^  becomes  partially  britde,amiti 
tlighily  covered  with  coal ;  nitrogen  is  also  given  out. 

(t.)  With  potassiumj  in  the  cold,  there  is  no  action  ;  vriih  the  htd 
of  a  spirit  lamp,  there  is  ineandescenu,  cyanuret  of  potassium  is  fann- 
ed, and  as  much  gas  is  absorbed  as  equals  the  volume  of  hydrog^ 
which  potassium  would  expel  from  water. 

(j.)  The  compound  of  cyanogen  and  potasnum  is  yellowitk,  dis- 
solves m  water  withoot  effervescence,  and  forms  bydro-cyaute 
(prussiate)  of  potassa.  Cyanogen  unites  with  a  number  of  other 
metals  and  forms  cyanurets. 

Composition, 

(k.)  Cyanogen,  1  volume,  inflamed  in  Volta's  eudiometer,  wth  ^ 
volumes  of  oxygen,*  vrodttced  2  volumes  of  carbonic  add,  and  1  of 
nitrogen  was  evolved.  Half  a  volume  of  oxygen  gas  was  left;  if 
the  gas  is  pure  no  water  is  formed,  and  of  course,  there  is  no  liy- 
drocen  in  cyanogen. 

(T.)  It  contains  two  volunies  of  fx^p^  of  carbon,  and  one  ofm- 
irojeen  condensed  into  one  volume.  The  sp.  gr.  of  nitrogen  is  .972, 
and  that  of  the  vapor  of  carbon  .416,  which  X  2  =  .832,  and 
the  sum  gives  the  weight  at  1.804,  which  is  very  near  the  numbers 
ahready  stated.  The  equivalent  of  cyanogen  is  26,  composed  of  1 
equivalent  of  nitrogen,  14,  and  2  of  carbon,  12.  It  is  therefore,  a 
bi-carburet  of  nitrogen. 

(m.)  Cyanogen  gas  is  rofjidly  absorbed  by  aqueous  solution  ofpo' 
tassa,  and  this,  with  one  of  ircm  slightly  oxidized,  produces  prussiia 
blue  by  the  addition  of  an  acid.  The  compounds  with  soda,  baiyti 
and  stroQtia,  act  in  the  same  manner.f 

(n«)  The  metallic  oxides  do  not  produce  the  same  changes  on  cy- 
anogen as  the  alkalies;  the  proto-sulphate  of  iron,  decomposed 
by  just  alkali  enough  to  saturate  the  acid,  absorbs  cyanogen  but  with- 
out forming  prusaan  blue,  although  tlie  same  solution  produced  it, 
just  before,  when  added  to  the  compound  of  cyanogen  and  an  alkali. 

fo.)  Cyanogen  is  not  an  add,  but  it  is  distinctly  the  basis  of  ser* 
eral.     Its  compounds  are  not  acid,  and  are  called  cyanurets. 

PRUSSIC  or  HTDRO-CTANIC  ACn>. 

I.  Name. — TTke  first  name  from  Prussian  blue — the  second  frm 
the  hydrogen  and  cyanogen,  of  which  it  is  composed ;  see  its  com- 
position. 

*  In  Gay-LuMac*8  early  experiments,  the  ezploaion  broke  the  tube, 
t  See  Gty-Lu8Me*s  views  as  to  the  nature  of  these  compoands,  Ann.  de  Cbioi- 
Vol.  zev,  p.  190,  and  sequent. 
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n.  Discovert. — By  SckeeU^  in  1782,  but  his  acid  was  dilute. 
It  was  first  obtained  pure  by  Oay^lAutaCf  in  1815,''^  and  several 
other  of  the  ablest  chemists  of  the  day  have  been  engaged  in  the 
investigation  of  its  properties.f 

III.  Pbocesses. 

1.  TTie  cyanuret  (pfussiate)  of  mercury  is  decomposed  by  muri- 
atic acid. 

(a.)  Apparatus. — A  tubulated  retort,  with  a  horizontal  tube,  two 
feet  long,  containing  in  the  first  third  part^  pieces  of  white  marble,  to 
detain  any  volatilized  muriatic  acid ;  the  remaining  two  thirds  con- 
tfdn  fused  muriate  of  lime  to  absorb  the  aqueous  vapor ;  a  small  re~ 
ceiver  is  adapted,  surrounded  with  ice,  or  better  with  a  freezing 
mixture. 

(&•)  Strong  muriatic  acidy  2  parts,|  is  then  added  to  ^  o(  the  cy^ 
anuret  of  mercury;  a  gentle  heat  is  applied  and  the  prussic  acid, 
condensing  first  on  the  marble,  is  driven  onward  by  heat  and  collects 
on  the  muriate  of  lime,  and  lastly  in  the  receiver. 

2.  As  the  product  from  the  above  process  is  smaD,  Vauquelin  sub- 
stituted the  following.  A  similar  arrangement  was  made  of  the  cyanu- 
ret  of  mercury  J  in  a  glass  tube^  with  muriate  of  lime  and  carbonate  of 
lead,^  in  the  order  named,  and  sulphuretted  hydrogen  gasj  from  sul- 
phuret  of  iron  and  diluted  sulphuric  acid,  was  passed  slowly  over  the 

Sfanuretj  which  was  blackened  -,  heat  was  applied  to  drive  the  acid 
ong  into  the  receiver,  chiUed  by  ice  and  snow ;  this  process  is  easy 
and  productive.  II 

31  A  dilute  acid  is  easily  obtained  by  passing  sulphuretted  hydro- 
gen  gas  through  a  solution  of  60  grs.  of  cyanuret  of  mercury  in  I 
oz.  of  water;  after  shaking  it  with  carbonate  of  lead,  to  absorb  the 
excess  of  sulphuretted  hydrogen,  it  is  filtered.  For  medical  use,  1  lb. 
of  the  cyanuret  is  disdlled  with  6  lbs.  of  water  and  1  lb.  of  muriatic 
acid,  and  when  6  pints  have  passed,  the  sp.  gr.  will  be  .995. — Brande. 

IV.  Properties. 

(a.)  A  colorless  liquid^  highly  odorous^  with  the  smeU  of  peach 
blossoms ;  taste,  at  first  cooling,  then  burning ;  highly  narcotic  and 
poisonous. 

(i.)  Sp.  gr.  at  44^0  is  .7068,  at  64°  .6969;  boib  at  79^  Fahr., 
freezes  at  0^;  melts  at  5^  Fahr.  and  crystallizes  regularly,  like  the 


*  Add.  de  Chim.  Ixxxvii,  128,  and  xv,  136. 

t  Add.  de  Chim.  Ix,  225)  Ann.  dc  Chim.  etde  Phys.  i,  120;  xu,  872  and  878;  ix, 
118,  and  xv. 

i  There  must  be  an  exceaa  of  the  cyanuret,  that  the  moriatic  acid  may  all  be 
eniraeed.  §  To  decompose  any  excen  of  snlpharetted  hydrogen  cas. 

I U  yields  one  fifth  as  much  pnisstc  acid  as  the  cyanarat  of  mereury  weimi,  and 
is  finished,  when  the  cyanuret  is  all  blackened  and  the  ameU  of  sulphunetled  hydro- 
gen begins  to  be  perceived  in  the  receiver. 

Vol.  II.  76 
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ftutd  nitrate  of  ammonia;  in  consequence  of  tlie  cold  produced  I) 
its  otffn  evaporation^  it  congeals^  even  at  68^,  and  the  vapor  suppom 
]  6  inches  of  mercury ;  in  warm  weather  its  vapor  may  be  cofiecttd 
over  mercury,  and  if  the  crystallized  prussiate  (ferro-cyanate)of|)o- 
tassa  is  gently  heated  with  dilute  sulphuric  acid,  the  same  vapor  or 
gas  may  be  collected ;  it  quintuples  the  volume  of  any  gas  with  vitiA 
it  is  mixed. 

(c.)  Although  repeatedly  rectified  from  marble,  it  feebly  reddens 
litmus,  and  the  color  is  restored  as  the  acid  evaporates. 

(rf.)  The  liquid  acid  forma  prusnan  blue^  both  with  iron  mdiii 
oxide. 

(e.)  Ju  vapor,  tf  inhaled,  is  very  noxious;  it  speedily  kills  sa»I 
animals ;  even  when  mixed  with  common  air,  it  produces  pdii- 
ness,  head  ache  and  fainting  ;*  the  medicinal  acid  exhales  a  vapor, 
the  odor  of  which  produces  sensible  depression.  The  strong  oai 
kiUs  small  animals  instantly ;  even  a  drop  of  it,  applied  to  tbe 
tongue  or  the  eye  of  a  rabbit  or  of  a  vigorous  dog,  is  fatal.  A  Ger- 
man chemist  is  reported  to  have  lost  his  life  by  receiving  a  drop  of  it 
upon  his  arm. 

It  is  stated  by  most  autliors,  that  muscular  irritability  is  entirely  d^ 
stroyed  in  animak  poisoned  by  the  prussic  acid.  Prof.  Torreyaad 
Dr.  W.  H.  Ellet,  have  found  by  experiment,  that  the  stimulus  of 
Voltaic  electricity  produces  as  violent  muscular  contractions  in  these 
cases,  as  when  life  is  destroyed  by  any  otlier  means. f 

Composition, 

(/.)  The  vapor  is  inflammable  and,  as  Gay-Lussac  found,  (feto- 
nates  Ufith  oxygen  gas;  100  measures  require  125  of  oxygen  and 
100  of  carbonic  acid,  and  50  of  nitrogen  are  obtained ;  as  there  wa« 
25  measures  more  of  oxygen  employed  than  the  carbonic  acid  coo- 
tabs,  and  as  they  go  entirely  to  form  water,  there  must  bare  beeo 
60  measures  of  hydrogen.  Potassium,  heated  in  the  vapor  of  pros- 
lie  acid,  combines  toitn  its  base,  the  cyanogen,  and  forms  a  cjaooret 
of  potassium,  whUe  hydrogen  gas  is  evolvm,  equal  to  half  tbe  volume 
of  the  vapor.    The  acid  is  therefore  composed  of  equal  volumes  of 


•  In  preparing  the  acid  of  Schcele,  althoti^Ii  tbe  apparatus  was  under  a  ^ 
drawing  chimney,  txith  myself  and  my  ai^sistants  have  been  afifected  la  the  miB- 
ner  mentioned  in  the  text ;  and  on  another  occasion  the  vapor  from  a  bottle  o(  the 
medicinal  acid  of  Paris,  accidentally  broken  on  the  floor,  although  covered  in 
disposed  of  as  quickly  as  possible,  produced  alarming  effects,  fainting,  loss  of  poise, 
frc.  which  were  not  entirely  removed  in  several  days.  Am,  Jour.  Vol.  ii>  p-  ^ 
pote, 

t  Dr.  Torrey  says,  after  all  signs  of  sensation  have  disappeared,  I  have  kamw 
heart  to  contract  by  the  slii^htest  touch,  especially  when  the  contact  was  made  win 
a  piece  of  metal.  This  eflect  could  often  be  produced  nearly  half  an  hour  after  ip* 
parent  death.  But  animalt  sometimes  remain  a  long  time  insensible  and  %pptnatlJ 
dead,  under  Uie  influence  of  pniaiic  acid,  and  then  recover,  either  Bpontaiieaai}y> 
pr  by  the  agency  of  antidotes, 
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cyanogen  and  hydrogen,  united  without  condensation,  and  the  cyan- 
ogen, as  heretofore  stated,  consists  of  2  vols,  of  carbon  vapor  and  1 
vol.  of  nitrogen,  condensed  into  1  volume. 

{g.)  6ay-Lussac  passed  the  vapor  of  this  acid  through  an  ignited 
porcelain  tube,  containing  iron,  and  concluded  that  it  contains  no  oxy- 
gen, but  is  composed  of  1  vol.  of  carbon  vapor,  i  a  vol.  of  hydrogen 
and  i  a  vol.  of  nitrogen  or  azote,  condensed  into  1  volume.  As  the 
cyanogen  and  hydrogen  are  united  without  condensation,  we  obtain 
the  specific  gravity  of  the  vapor  of  hydro-cyanic  acid  by  adding  to- 
gether the  specific  gravities  of  these  gases  and  dividing  by  2,  e.  g. 
1.8055 +.0694 =1.875 -Hi  =  .9376,  and  experiment  gives  it  at 
49476.  By  weight,  the  composition  of  the  vapor  is  cyanogen  100+ 
3.846  hydrogen,  corresponding  to  2  equiv.  of  carbon  12+1  of  nitro- 
gen 14  +  1  of  hydrogen  =27,  its  equivalent.  It  appears  then  that 
the  addition  of  1  equiv.  of  hydrogen  to  cyanogen,  forms  hydro-cyanic 
or  prussic  acid. 

(A.)  As  an  animal  substance^  pnusic  add  is  distinguished  by  its 
large  portion  of  nitrogen^  the  s^nudl  proportion  of  hydrogen  and  the 
entire  absence  of  oxygen. 

(t.)  The  nitrogen  and  carbon  united,  form  the  peculiar  basis  of 
this  acid,  and  hydrogen  sustains  the  same  relation  to  it  as  it  does  to 
chlorine,  iodine,  bromine  and  sulphur,  since,  widi  all  those  substances, 
it  forms  hydracids.* 

(y.)  Prussic  acid  is  very  liable  to  decomposition  i  even  in  close  ves« 
sels  it  is  sometimes  decomposed  in  one  day,  and  can  rarely  be  kept 
over  fifteen.f 

(k.)  Iodine  and  phosphorus  maybe  volatilized  without  chaise  in 
prussic  add  vapor. 

(/•)  By  iron f  at  ignition^  it  is  decomposed ;  it  operates  simply  by 
transmitting  heat,  for  the  carbon  is  deposited  and  not  combined^ 
except  partially,  with  the  iron }  platinum  decomposes  the  vapor  in 
the  same  manner. 

(m.)  Baryta,  heated  in  the  prussic  or  hydrO'Cyanic  add,  yields  Us 
barium  to  the  cyanogen  of  the  acid  to  form  a  cyanuret  of  barium ; 
the  hydrogen  of  the  acid  and  the  oxygen  of  the  earth  unite  to  form 
water. 

in.)   With  potassa  and  soda  the  results  are  similar 4 
0.)  Hydro-cyanic  add  is  decomposed  by  oxide  of  copper;  water 
is  evolved  and  a  cyanuret  of  copper  results* 

*  That  lA  to  Bay,  acids  in  which  hydrogen  sustainB  the  same  relation  to  the  base 
that  oxygen  does  in  all  other  acids. 

t  It  becomes  reddish  brown,  and  if  the  vessel  is  not  perfectly  tight  leares  only 
a  charry  mass,  i  have,  however,  kept  the  medicinal  acid  of  Paris  in  a  dark  place, 
unchanged  for  several  years ;  most  of  the  bottles  remained  limpid,  but  there  was 
generally  prussian  blue  depo«4ted  at  the  bottom,  and  in  ono  botUe  the  acid  was  de« 
composed  and  the  glass  was  lined  with  a  black  film* 
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(p.)  With redoxideof  mercury^  the  actkxi,  aided  by  heat,  bra- 
lent,  and  cyanuret  of  mercury  w  formed* 

V.  Miscellaneous  facts. — Prutnc  aeii  is  easily  reeagnkdh^ 
the  distinct  tmeU  of  peach  blossoms j  perceived  even  when  it  is  voy 
dilute,  but  there  is  besides,  a  peculiar  heavy  odor  usually  compared 
to  that  of  bitter  almonds,  but  which  camiot  be  well  described.  If  a 
botde  of  this  acid  is  made  to  approach  the  nostrils,  it  should  be  done 
with  great  care,  for  the  odor,  even  of  the  medicinal  acid,  produces 
depression  and  vertigo.  A  bird,  brought  near  a  vial  of  the  add,  (A 
down,  killed  by  the  vapor  alone. — g.  l. 

Prussic  acid  exists  in  the  vegetable  kingdom  ;  the  peculiar  smd 
of  bitter  almonds,  peach  flowers,  (and  leaves,)  the  leaves  of  the  lau- 
rel, Lauro-Cerasus,  and  other  vegetables  with  the  same  odor,  isowiu; 
to  prussic  acid.  Peach,  laurel  and  almond  water,  although  used  in  bsor 
ilies  as  condiments,  are  only  diluted  prussic  acid,  and  are  thereibre, 
poisons.  The  acid  in  them  may  be  neutralized  by  combination  witli 
lime  or  an  alkali,  when  it  will  precipitate  prussian  blue  from  a  solutioii 
of  iron.  Persons  have  been  often  kSUed  by  taking  laurel  vatff, 
and  cattle  are  poisoned  by  eaung  the  leaves.  Prussic  acid  is  obtain- 
ed also  from  peach  and  apricot  kernels.  The  bark  of  the  Pnww 
Padus  contains  much  of  it;  water  distilled  from  it  kills  animals,  lo 
some  oil  distilled  from  peach  leaves,  which  had  stood  eight  years  un- 
disturbed in  a  close  vial,  Brugnatelli  found  the  prussic  acid  sepa- 
rated and  crystallized;  on  combining  it  with  pota^  it  gave  prussao 
blue  with  iron.* 

Medicinal  acid, — JTiere  is  so  much  diversity  in  the  strength  of  du 
acid  as  found  in  the  shops  and  as  made  by  the  process  of  Scheele, 
that  it  is  recommendedf  to  prepare  the  acid  of  Gay-Lussac,  and  tbea 
to  dilute  it  with  6  times  its  volume,  or  8.6  times  its  weight  of  waia; 
this  is  the  medicinal  acid  of  Magendie.  It  may  be  better  kept  &r 
solved  in  6  times  its  volume  of  alcohol,  with  which  it  more  readiif 
unites  than  with  water 4 

The  strength  of  different  specimens  may  be  ascertained  by  dis- 
tilling  eqtial  quantities  separately  into  a  soltUion  of  nitrate  (f 
silver  ;  die  strength  will  be  direcdy  as  the  quanuty  of  the  precipi- 
tated cyanuret  of  silver.^  Dr.  Ure  prefers  the  pulverized  perox- 
ide of  mercury  as  a  test  of  the  strength  of  the  acid,  the  real 
acid  being  equal  to  one  fourth  of  the  oxide  dissolved.  Let  a  so- 
lution of  green  sulphate  of  iron,  after  being  mixed  with  the  iqfod 
supposed  to  contain  prussic  acid,  be  decomposed  by  potassa  added 
slightly  in  excess  and  exposed  for  a  few  minutes  to  the  air;  then  add 


*  Ann.  de  Ch.  Vol.  xcvl,  p.  97.  t  Magendie's  Formulary. 

t  If  the  strongest  acid  is  a^tated  wiUi  10  or  12  times  its  weight  of  water,  it  col' 
lectB  on  the  surface  lilce  an  oil  or  ether,  hut  is  dissolved  by  additiooal  agitation  — 
Magendie'i  Formulary.  §  Dr.  Fauit  io  Am  Jour.  Vol.  xiz.  p.  71. 
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a  little  dilute  sulphuric  or  munatic  acidy  which  will  dissolve  all  the 
precipitate  that  is  not  in  the  condition  of  prussian  blue^  and  the 
amount  of  the  latter  wiU  indicate  tlte  proportion  of  prussic  add. 
This  test  is  applied  also  in  the  case  of  poisoning.  The  organs 
into  which  the  acid  has  been  conveyed  havd  its  odor ;  portions  of 
them  are  cut  up,  and  water,  slightly  acidulated  with  sulphuric  acid, 
is  distilled  from  them  at  212^,  and  then  the  fluid  is  examined 
by  the  above  test  which  will  detect  rzisv  ^^  ^^  ^^^^9  ^^^  1  to  2 
or  3  days  after  death.  The  per  sulphate  of  iron  is  directed  to  be 
used  by  M .  Lassaigne,*  but  Dr.  Turner  states  that  no  prussian  blue 
will  be  formed  if  the  iron  is  at  the  maximum  of  oxidation,  and  that 
the  presence  of  the  protoxide  is  indispensable.f 

The  sulphate  of  copper  is  a  still  more  sensible  test.  It  is  treated 
exacdy  as  above,  and  acquires  a  milkiness  even  with  j^i^j  of  the 
acid. 

Medical  use  of  prussic  acid. — Its  principal  power  appears  to  con- 
sist in  abating  irritative  action.  It  has  been  strongly  recommended 
in  the  first  stages  of  phthisis,  in  asthma,  whooping  cough,  &c.  But 
as  the  opinions  of  the  faculty  do  not  appear  to  be  entirely  settled  in 
regard  to  the  utility  or  even  safety  of  this  most  powerful  agent,  I 
shall  add  nothing  more  on  this  head,  but  refer  the  reader  to  authori- 
ties, j:    For  the  medical  recipes,  see  the  same. 

OTHElR   COMBINATIONS    OF    CYANOGEN. 

Remarks, — It  is  observed  that  this  base,  although  compound,  has 
a  name  in  analogy  with  those  of  simple  bodies.  Its  combinations 
with  the  elements  justify  this  nomenclature,  for  it  produces  many 
compounds  with  the  undecomposed  bodies;  several  of  them  are 
acid,  and  in  describing  them  we  must  anticipate  some  facts  that 
have  not  yet  been  explained. 

I.  Combinations  of  cyanogen  with  oxygen.^ — cyanic  acids. 

Three  combinations  of  this  kind  are  known^  and  they  are  all  add; 
two  appear  to  consist  of  the  same  elements  united  in  the  same  propor- 
tions ;[}  they  are  however  remarkably  different  in  their  properties,  or 

*  See  the  abstract  of  M.  Lassaigne's  memoir  on  the  modes  of  discovering  prussic 
acid,  Ann.  de  Ch.  et  de  Ph.  Vol.  xxvii,  p.  200. 

\  With^the  protoxide  only,  no  prussian  blue  is  formed,  until  the  greenish  white  pre- 
cipitate acquires  oxygen  from  the  air,  or  an  acid  is  added. 

X  See  Magendle's  Formulary;  Coxe's  Dispensatory;  Am.  Jour.  Vol.  II,  p.  81 ; 
Id.  Vol.  iii,  p.  182,  &c.,  and  the  various  Medical  Journals  and  modem  Medical  Ele- 
mentary books. 

§  See  a  good  sketch  of  the  cyanic  acids,  Ann.  de  Chim.  et  de  Phys.  VoL  zzxviit, 
p.  379. 

II  As  is  supposed  to  be  the  fact  also  with  some  of  the  compounds  of  carbon  and  hy- 
drogen, Vol.  i,  p.  899. 
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at  ledst  in  the  combinations  which  they  form,  for  they   are  scaic^ 
known  in  an  isolated  state. 

The  third  acid  contains  the  same  elements,  but  the  oxygen  is 
double  to  that  existing  in  the  other  two.  They  might  all  be  cdW 
cyanic  acid,  but  to  avoid  confusion,  I  will  denominate  them^ 

1 .  The  Cycnic  {or  cvanous)  Acid  of  Wbhler  ; 

2.  The  Fulminic  Acid  of  Liebig; 

3.  The  Cyanic  Add  of  SeruUas. 
I.   Cyanic  Acid^  (of  Wohler.) 

1.  Preparation. 

(a.)  By  passing  cyanogen  gas  through  a  solution  of' pure  fixed  d- 
kalif  e.  g.  of  potassa ;  cyanate  and  hydro-cyanate  of  the  alkali  are 
formed  by  the  elements  of  water,  as  happens  with  chlorine,  iodine, 
bromine  and  sulphur ;  but  this  method  is  not  eligible,  because  the  two 
salts  are  not  easily  separated. 

(4.)  By  a  low  ignition  offerro-cyanate  {prussiate)  of  potassa,  aad 
an  equal  weight  cf  peroxide  of  manganese,  both  in  fine  powder ;  oi- 
ygen  is  transferred  from  the  oxide  to  the  cyanogen  and  it  thus  be- 
comes an  acid  and  unites  to  the  potassa  to  form  a  cyanate,  which  is 
separated  by  boiling  the  mass  with  alcohol  of  86  per  cent,  from  which, 
as  it  cools,  the  salt  precipitates  in  small  tabular  crystals.* 

(c.)  By  passing  sulphuretted  hydrogen  gas  through  cyanate  ofsH- 
ver  suspended  in  water,  stopping  before  the  cyanate  is  all  deoompo- 
sed,f  the  cyanic  add  may  be  liberated.'^ 

2,  Properties. 

(a.)  It  reddens  turnsole,  is  add  to  the  taste  and  exhales  a  pecttUm" 
odor,  the  same  that  is  perceived  when  a  cyanate  is  decomposed  bj 
an  acid. 

(&.)  But  its  properties  are  little  known,  because  it  is  very  diffiaik 
to  obtain  the  add  in  a  separate  state  ;  the  acid  is  decomposed,  sim- 
ply by  boiling  an  aqueous  solution  of  the  salt  containing  it ;  carbonic 
acid  and  ammonia  being  produced. 

(c.)  The  other  salts  are  most  easily  formed  by  double  exchange 
with  the  cyanate  of  potassa ;  the  cyanate  of  baryta  is  soluble ;  the 
cyanates  oi  lead,  mercury  and  silver,  are  insoluble. 

(rf.)  Composition. — Cyanogen,  1  equiv.  26+1  of  oxygen  8=34, 
or  taking  the  elements  of  cyanogen  separately,  carbon  2  equiv.  =12 
+  nitrogen  1  equiv.  14=26+ oxygen  one,  8=34,  as  above. 

IL  The  fulminic  acid. — ^This  has  been  already  mentioned  under 
the  fulminating  mercury  and  fulminating  silver.  (See  pp.  326,  339.) 


*  Wohler,  Ann.  de  Ofaim.  etde  Phys.  Vol.  xxvli,  p.  196. 
t  Becaufe,  otherwise  the  cyanic  acid  would  be  decompoMd. 
t  Liebig,  Ann.  de  Chim.  et  de  Phyi.  Vol.  xxxiii,  p.  208. 


CYANOGEN. 


599 


Thefulminie  add  yields ^  by  decomposition^  the  same  gaseous  pro- 
ducts  as  those  afforded  by  the  cyanic  acid. 

Dr.  W.  H.  Ellet,  regards  the  fulminating  silver  as  an  argento-cy- 
anate,  and  the  fulminating  mercury  as  a  mercurio-cyanate ;  in  each 
of  these  compounds  the  metal  being  an  element  both  in  the  acid  and 
in  the  base.  For  his  reasons  we  must  refer  to  his  bgenious  paper  in 
the  American  Journal  of  Science,  Vol.  xviii,  p.  S36. 

We  have  room  lo  cite  only  the  numerical  results  which  he  obtains 
by  distribuung  the  equivalent  numbers,  in  accordance  with  his  theo- 
retical views,  and  in  analogy  with  the  composition  of  prussian  blue, 
as  viewed  by  him.   • 

atoms  cyanogen  52, 


Argento-cyanic  acid, 


Oxide  of  silver. 


Water, 


silver  110, 
hydrogen  1, 
silver        110, 


oxygen 
oxygen 
hydrogen 


The  two  views  are  thus  compared — 

Hypothetical  constitution. 
Id  acid.        In  base. 
37.93  +  37.93 


8, 
8, 
1, 

^90 


or  per  cent. 


17.93 
37.93 
•34 
37.93 

2.76 

2.76 

•      .34 

99.99 


Experimental  constitution. 


Silver, 


75.86 
5.52 


Oxygen,       2.76+    2.76  = 

Id  acid. 
Cyanogen,  17.93  H =  17.93 

Id  acid.        In  water. 
Hydrogen,    0.34  +    0.34  =      -68 


Silver, 
Oxygen, 
Cyanogen, 
Loss, 


72.187 
5.341 

17.160 
5.312 


99.99  100.000 

Dr.  Ellet  remarks,  that  if  the  loss  of  nearly  5^  per  cent,  in  the 
analysis  were  distributed  proportionately  over  all  the  constituents,  and 
due  allowance  made  for  the  hydrogen  undoubtedly  present,  then  the 
hypothetical  and  experimental  numbers  will  be  almost  identical. 

From  fulminating  silver ^  lime  water  throws  down  oxide  of  silver ^ 
and  from  the  remaining  fluids  nitric  add  predpitates  the  argento- 
cyanic  addj^  as  a  white  powder  soluble  in  water,  especially  if  hot ; 


*  Other  alkaline  Indies  will  effect  this  decomposition ;  ammonia  however  dissolves 
fhe  oxide  of  silver  and  forms  the  fulminating  compound  of  Berthollet,  which  is  still 
more  violent. 
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it  crystallizes,  reddens  litmus,  forms  fulminating  salts  with  bases,  e 
with  baryta,  strontia  and  magnesia,  and  with  oxides  of  zinc,  inn, 
copper,  mercury,  &c. 

It  will  be  perceived  that  the  difierence  between  this  view  and  that 
already  presented,  (p.  339,  of  this  volume,)  is,  that  in  the  one  case 
the  silver  is  regarded  as  existing  altogether  as  a  base,  and  in  the  other, 
as  constituting,  in  part,  an  element  of  the  acid. 

III.  7%e  Cvantc  Acid  of  SeruOcu.— Strictly,  this  acid  should  be 
mentioned  under  the  head  of  chlorine  and  cyanogen,  but  the  state- 
ment may  be  made  intelligible  in  this  place. 

1.  Preparation, — The  per-^Uoride  of  cyanogen  is  decomposed  hf 
hot  water  J  and  the  restdts  are  muriatie  acid  and  cyanic  ciddj  derived 
from  the  elements  of  water,  the  hydrogen  going  to  the  chlorine  and 
the  oxygen  to  the  cyanogen,  to  form  cyanic  acid  ;  it  is  obtained  hy 
evaporation^  which  ^^eU  the  muriatic  acid. 

2.  Properties, — frhite^  solid ^  the  crystals  are  rhombs j  tf  they  are 
.formed  yrom  a  concentrated  solution — needles^  if  from  sublinuUum; 
it  can  be  redissolved  and  recrystallized  without  change,  and  ev^ihol 
nitric  acid  is  inert  in  relation  to  it,  and  sulphuric  acid  dissolves  it 
without  change ;  if  dry,  its  decomposition  leaves  charcoal ;  other- 
wbe  ammonia  and  carbonic  acid  are  formed.  2Tiis  add  is  so  stabk 
that  it  is  even  bleached  and  rendered  brilliant  by  boiling  it  m  nitric 
acid.  It  forms  well  defined  cyanates^  and  that  of  baryta  being  de- 
composed by  sulphuric  acid,  the  cyanic  acid  is  again  liberated  un- 
changed. 

3.  Composition.* — By  careful  analysis  by  its  discov^er,  this  add 
consists  of  cyanogen  1  equiv.  26+ oxygen  2,  16=^42,  its  eqaiv. 

Recapitulation. — ^It  is  obvious,  that  agreeably  to  the  views  of  M. 
Serullas,  the  acid  of  Wohler,  with  1  equiv.  of  oxygen  and  1  of  cy- 
anogen is,  in  relation  to  the  one  just  described,  a  cyanous  acid,  as 
the  latter  is  truly  the  cyanic,  and  their  compounds  are  of  course  cor- 
rectly called  cyanites  and  cyanates. 

If  the  acid  of  Leibig  and  Gay-Lussac  is  really  composed  of  1 
equiv.  of  cyanogen  and  1  of  oxygen,  as  cited  in  this  volume,  p.  339, 
it  is  also  a  cyanous  acid,  but  an  anomalous  one.  If  it  contains  a  me- 
tallic ingredient,  then  it  is  a  different  acid,  and  should  be  removed 
from  the  cyanic  acids. 

Artificial  Urea. — This  was  mentioned  at  the  conclusion  of  the  ar- 
ticle l/rea,  page  570  of  this  volume.  It  was  a  singular  and  unex- 
pected result,  obtained  by  Wohler,  with  the  cyanic  acid,  which  we 
have  already  cited  under  his  name. 


*  For  many  details  and  interesting  facts,  see  the  memoir  of  M.  Semllas,  Ann.  de 
Chim.  et  de  Phys.  Vol.  xxxviii,  p.  881. 
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Preparation. — By  double  deampontion^  by  muriate  of  ammonia 
ami  cyanate  of  silver;  or  by  single  decomposition^  by  cyanate  of  lead 
and  liquid  ammonia.  In  this  second  process,  the  oxide  of  lead  is 
liberated  and  a  compound  is  obtained^  in  colorless  rectangular  prisms. 
In  their  properties^  they  are  identical  with  urea,  and  their  composition 
is  exactly  the  same;  they  give  the  same  results  in  analysis  as  cyanate 
of  ammonia,  provided  1  equiv.  of  water  is  supposed  to  exist  in  that 
salt. 

Still  the  artificial  urea,  although  from  the  mode  of  its  formation  it 
would  appear  that  it  contains  only  cyanic  acid  and  ammonia,  yields 
neither,  by  chemical  agents.  Potassa  does  not  evolve  ammonia,  nor 
do  the  stronger  acids  give  carbonic  acid  and  evolve  cyanic  acid,  with 
the  peculiar  odor  which  appears  when  the  cyanates  are  decomposed 
by  a  sti'onger  acid.  The  artificial  urea  gives  no  precipitate  with  sahs 
of  lead  or  silver.* 

CHLORIDE  OP  CYANOGEN. 

Omitting  the  earlier  and  less  correct  views  in  regai*d  to  this  subject, 
especially  those  which  relates  to  the,  so  called,  oxy-prussic  and  chlo- 
ro-cyanic  acid,f  which  seem  to  have  been  mixtures  of  muriatic  acid, 
carbonic  acid  and  chloride  of  cyanogen,  we  will  state  the  results  ob- 
tained in  relation  to  the  latter. 

I.  Chloride  of  Cyanogen. 

1.  Preparation. — Powdered  cyanuret  (prussiate)  of  mercury  is 
moistened  and  placed  in  the  dark,  in  a  stopped  bottle  of  chlorine  gas, 
which,  in  7  or  S  hours,  loses  its  color ;  the  cyanuret  of  mercury 
(excepting  only  what  was  intentionally  left  in  excess)  is  converted 
into  corrosive  sublimate  (bi-chloride  of  mercury)  and  a  gaseous  chlo- 
ride of  cyanogen,  or  cyanuret  of  chlorine,  with  some  portion  of  com- 
mon air  and  of  muriatic  acid  gas  and  cyanogen,  fils  the  vessd.'l 

2.  Properties. 

(a.)  The  purification  of  the  cyanuret  of  chlorine,  depends  upon 
the  fact  that  it  congeals  and  forms  crystals  at  0^  F.  by  the  applica- 
tion of  ice  2^  parts  and  salt  1 .  For  the  details  of  the  manipulation, 
1  must  refer  to  the  original  memoir,  (cited  below;)  it  will  be  suffi- 
cient to  say  that  the  frozen  chloride  of  cyanogen  is  dried  by  the  in- 
troduction of  muriate  of  lime ;  it  is  again  congealed,  the  bottles  are 
filled  with  mercury  and  the  chloride,  by  adapted  tubes,  is  conveyed, 
in  the  gaseous  form,  into  inverted  vessels  filled  with  mercury;  for  this 
purpose,  the  bottles  are  gently  warmed  by  a  few  coals,  brought  near 
to,  but  not  into  contact  with  the  glass. 


•  Wdhlcr,  in  Ann.  de  Ch.  et  de  Ph.  Vol.  xxxvti,  p.  SSO. 

t  See  Gay-Lussac's  memoir,  Ann.  de  Chim.  Vol.  xcv,  and  the  sketches  in  Hcnry'a 
and  Turner's  Chcm.  ♦  Serullas,  .\nn.  «le  Ch.  ct  de  Ph.  Vol.  xxxv,  p.  291. 
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(b.)  ITdi  chloride,  as  already  gtoted,  is  solid  at  O^  F.;  cryteBI- 
xes  in  long  needles;  mehs  between  5^  and  10^,  is  then  Uqmi,  and 
so  remaios  in  sealed  tubes,  under  a  pressure  of  4  atinospiieia, 
created  by  its  own  vapor,  at  the  temperature  of  68^  F**  Under  di 
CMiMon  vretjure,  it  becomes  a  coloness  gas  at  10.5^  to  1 1^  F. 

^e.)  Taste  caustic;  odor  offensive  at^  irritating^  to  the  eyes;  «a; 
potsonous. 

{d.)  Very  soluble  in  water  and  in  alcohol;  the  former  absoibs 
35  and  the  fatter  100  vdumes,  at  68^;  the  solutions  are  not  add  and 
the  gas  is  recovered  by  boiling. 

(e.)  Alkalies  decompose  its  solution,  evolving  carboiuc  add  gis, 
when  an  acid  is  added.  Sulphate  of  iron  added  to  its  sohition,  tod 
then  potassa,  and  an  acid,  produces  a  green  color,  but  not  if  Aese 
agents  are  used  in  the  reverse  order. 

(/I)  Cofnponrion.-*Chlorine  1  equiv.  36+ cyanogen  1  eqniv.  26 

«:62. 

II.    PCR-CHLORIOE  OF  CTANOGEN. 

1.  Preparation,  fyc* 

M.  SeruUas,f  the  discoverer,  prepared  it  by  pouring  15.5  gn. 
of  the  prussic  acid  of  Oay^Lussac  (anhvdrous  hydro-Ksyanic  aod) 
into  a  bottle  containing  61  cubic  inches  of  dry  Morine.  Tbe  boOk 
being  stopped  and  exposed  to  tbe  light,  the  acid  is  gasefied,  die  color 
of  the  chbrine  fades,  and  after  some  hours,  a  colorless  liqoid,  liire 
water,  lines  the  vessel,  grows  thicker  and  becomes  a  white  soEd, 
mixed  vrith  shining  crystals ;  most  of  the  per-chloride  is  formed  id 
twenty  four  hours,  For  various  details  of  manipulation,  I  must  refer 
to  the  memoir  cited  below. 

3.  Properties. 

(a,)  After  being  washed,  dried  and  distilled,  the  per-^hloride  of 
cyanogen  is  in  needle  crystals,  white  and  brilliant;  it  has,  espeeisHf 
when  hot,  a  penetrating  odor,  which  excites  tears ;  its  taste  is  sligbtlj 
pungent.  Sp.  gr.  1.320;  fusing  point  140°,  boiling  point  19(P}t '' 
exhales  muriatic  acid,  after  being  kept  for  some  time. 

(&.)  Sparingly  soluble  in  cold  water,  but  more  so  in  hot;  by  tbe 
former  it  is  slowly,  by  the  latter,  rapidly  decomposed,  forming  muri- 
atic and  cyanic  acids;  very  poisonous;  1  gr.  dissolved  in  alcohol  bdA 
placed  in  the  throat  of  a  rabbit  proved  instantly /olo/. 

(c.)  In  the  aqueous  solution,  potassa  forms  muriate  and  cyaoate 
of  potassa,  which  are  obtained  by  evaporation }  nitrate  of  silver  pro- 
cipitates  chloride  and  leaves  cyanate  of  silver  in  solution,  in  the  nitric 


•  Id.  p.  8S7.  ♦  Ann.  dc  Ch.  et  de  Ph.  Vol.  xxxviii.  p.  S70. 

t  It  4s  not  said  in  the  memoir,  whether  the«e  degrees  are  centigrade,  as  is  usuaf  in 
French  writings. 
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acid ;  potassium  fiamet  wUh  the  dry  per^ehhride^  and  forms  chloride 
and  cyanuret  of  potassium. 

(d.)  Camposittan.'-^hloiine  2  equiv.  72+  cyaaogen  1  equiv.  26 
—  98. 

It  will  be  remembered  that  the  cyanic  acid,  with  two  equivalents 
of  oxygen,  (already  described,)  is  formed  from  the  action  of  boiling 
water^  upon  the  per-chloride. 

IODIDE  OF  CTAKOGEIV. 

1.  Preparation,\ — ^M.  SeruUas  ground  rapidly  together  2  parts  of 
dry  cuanurei  of  mercury  and  1  of  iodine^  and  vfaced  them  in  a  wide 
mouthed  vialj  which  was  gently  heated.  As  tne  cyanuret  begins  to 
be  decomposed,  the  violet  vapors  of  iodine  are  succeeded  by  white 
Jlocksj  and  the  vial  being  placed  under  a  large  glass  receivcTt'l  they 

are  condensed  and  appear  like  cotton;  they  are  resublimed,  at  a  very 
gentle  heat,  to  free  them  from  adhering  cyanide  of  mercury.  If  the 
vial,  when  the  sublimate  is  rising,  remains  uncovered,  the  cotton-like 
tufts  float  in  the  air,  in  the  same  manner  as  the  white  sublimate  of  ox- 
ide of  zinc. 

2.  Properties. 

(a.)  Jbi  tohiie  needle  crystals;  smell  and  taste  pungent;  excites 
tears ;  sin]cs  in  sulphuric  acid ;  soluble  in  water  and  more  so  in  al* 
cohol }  not  acid;  decomposed  at  a  red  heat^  but  sustains,  unalter^ 
ed,  a  heat  above  212° ;  on  burning  coals  exhales  violet  vapors;  strong 
solution  of  potassa  forms  with  it,  hydro-cyanate  and  bydriodate  of 
that  base ;  this  sdution  gives,  after  the  addidon  of  a  litde  muriatic 
acid,  a  beautiful  green  precipitate,  with  proto- sulphate  of  iron* 

(6.)  J^ric  acid  has  no  action;  sulphuric  slowly  decomposes  it,  pre- 
cipitating iodine ;  muriatic  does  the  same  and  forms  hydro-cvanic  acid« 
Aqueous  sulphurous  acidj  in  drops^  liberates  iodine  from  the  crystals 
and  forms  hydro-cyanic  acid,  but  die  iodine  is  dissolved  by  more  of 
the  add ;  dry  sulphurous  acid  has  no  action,  and  water  is  therefore 
the  agent  when  it  does  act*  It  is  much  less  poisonous  than  might  be 
expected  from  its  constitution. 

(c.)  CompoW^ton.— Iodine  1  equiv.  125  +  cyanogen  1  equiv.  26 
s=161. 

BROMIDE   OF   CYANOGEN. 

This  was  formed  by  M.  Liebig,  but  litde  need  be  said  of  it,  as  the 
process  and  properties  are  extremely  similar  to  those  of  the  precede 
ing  compound, 

*  See  D.  602,  of  this  volume. 

t  M.  Serullas,  apprehending  difficulty  in  makings  the  combination,  gave  himaelf 
annecessary  trouble  in  operating  under  pressure  In  glass  tubes.  See  nis  memoir^ 
Ann.  de  Ch.  et  de  Ph.  Vol.  xxvii,  p.  184. 

t  M.  Serullas  has  stated  various  details  in  the  manipulation,  for  vrhich  I  have  ooC 
room. 
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Moistened  ctfanuret  of  mercury^  2  paris^  chilled  by  cold  water  or 
better  by  a  freezine;  mixture,  is  covered  by  1  pari  of  bromine  ;  thcie 
is  much  heat,  and  bromide  of  mercary  and  bromide  of  cyanogen  arc 
formed ;  the  latter  ntblitnes^  and  is  condensed  in  long  needles  or  cubes. 
In  properties  it  is  almost  Identical  with  iodide  of  cyanogen,  but  it 
is  more  volatile. 

It  is  excessively  noxious  ;  a  rabbit  was  killed  instantly  by  a  gram 
dissolved  in  water  and  placed  in  his  throat.* 

In  relation  to  cyanogen  there  is  a  strong  analogy  in  the  actioo  of 
chlorine,  iodine  and  bromine,  in  as  much  as  they  all  produce  cyan- 
ides or  cyanurets,  and  also  by  the  action  of  water  or  of  its  elements, 
they  form  peculiar  acids. 

CYANURET    OF    POTASSIUM. 

The  direct  combination  of  these  bodies  has  been  already  mention- 
ed under  cyanogen,  and  it  is  again  named,  that  we  may,  by  having  it 
in  view,  pass  the  more  intelligently  to  other  compounds. 

It  was  formed  by  Mr.  Robiquet,  by  heating  to  redness^  for  a  good 
while,  the  ferro-cyanatej^  (prussiate)  of  poiassa;  if  carefully  man- 
aged, the  add  is  destroyed  and  cyanuret  of  potassium  remains^  mixed 
with  carbon  and  iron.  If  correctly  done,  the  aqueous  solution,  leav- 
ing the  carbon  and  iron,  uHl  be  colorless,  and  will  not  precipitate  prus- 
sian  blue  from  an  acid  sohitipn  of  a  per  salt  of  iron.  The  cyanuret 
of  potassium  is  fusible,  and  when  kept  dry,  is  not  liable  to  change^ 

Composition. — Cyanogen,  1  equiv.  26,  -j-  potassium,  1  equiv.  40 
=5  66,  its  equiv. 

HYDRO-CYANATES,J  {simple  prussiates.\\) 

Salts  formed  between  prussie  acid  and  the  bases. 

1 .  The  cyanuret  of  potassium  can  exist  only  in  the  dry  state ; 
when  dissolved  in  water,  it  appropriates  the  elements  of  that  fluid 
and  forms  hydro-cyanatc  of  poiassa. 

The  hydro-cyanates  are  formed  also,  by  combining  prussie  add 
(the  hydro-cyanic,}  with  the  bases. 

2.  Such  compounds,  widi  alkaline  or  other  bases,  were  formerly 
called  (for  reasons  that  will  soon  appear,)  simple  prussiates ;  when 
with  an  alkaline  base,  the  salt  is  always  alkaline ;  soluble  in  water 
and  alcohol;  with  salts  of  protoxide  of  iron  gives  an  orange  colored 

*  T.  and  Edin.  Jour.  Sci.  No.  xiii,  p.  189. 

t  According  to  Dr.  W.  H.  Ellet,  it  is  when  anhydrous,  a  compound  of  cyanuret 
of  iron  and  cyanuret  of  potassium.  Am.  Jour.  Vol.  xviil,  p.  829. 

t  These  salts  would  have  been  introduced  immediately  after  the  prussie  acid,  had 
it  not  been  that  they  are  more  intelligible  in  connexion  with  the  ferro-cyanic  add 
and  its  salts. 

&  Dissolve  the  pure  bi-cyanide  of  mercury  in  pure  water,  and  add  a  tolulien  of 
hydro-sulphate  ot  potash  so  long  as  a  black  precipitate  falls,  the  clear  liquor  is  a  so- 
lution of  hydro-cyanate  of  potassa. — a.  a.  haybs.  ||  Of  the  old  nomenclature. 
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precipitate,  becoming  in  the  air,  green  and  theil  blue ;  with  peroxide 
of  iron  giving  a  blue  which  becomes  deep  blue ;  decomposable  by  a 
heat  of  212^,  also  by  toeak  adds  and  even  by  the  carbonic  acid. 

3.  The  cyanurets  of  the  other  alkaline  and  earthy  bases  are  form- 
ed in  a  manner  similar  to  that  of  potassium,  and  like  the  iodides, 
chlorides  and  bromides,  they  all  pass,  by  the  action  of  water,  to  the 
state  of  hydro-cy^nates  of  their  respective  bases. 

4.  The  hydro^cyanate  of  potassa  possesses  the  same  powers  over 
the  animal  economy  as  theprussic  or  hydro-cyanic  acid,  and  being 
much  less  liable  to  decomposition,  has  been  proposed  as  a  medical* sub- 
stitute for  that  very  fugitive  acid. 

5.  The  hydro-cyanates  of  those  bases  whose  cyanurets  are  insolu- 
ble, are  easily  formed  by  double  decomposition  between  their  solu- 
ble salts  and  the  hydro-cyanate  of  potassa. 

FEKRO-PRUSSIC    OR   FERRO-CYANIC    ACID. ^FERRO    PRUSSIATES     OR 

FERRO-CYANATES. ^DOUBLE    PRUSSIATES. 

Introductory  statement. 

1.  By  boiling  an  alkali  with  prussian  blue,  a  triple*  prussiate  of 
alkali  and  iron  is  formed;  it  is  neutral ;  insoluble  in  alcohol ;  forms 
prussian  blue  with  the  peroxide  of  iron ;  gives  a  reddish  brown  pre- 
cipitate with  peroxide  of  copper ;  is  not  decomposable  at  212^,  nor 
by  the  carbonic  and  other  weak  acids. 

2.  These  pecvliariiies  were  attributed  to  the  agency  of  iron  existing 
in  the  add,  although  iron  cannot  be  detected  by  tests,  such  as  the  hy- 
dro-sulphurets,  the  gallic  acid,  the  succinates,  &lc.;  still  the  iron  remains 
with  the  prussic  acid  when  it  is  transferred  from  one  base  to  another.f 

3.  Mr.  Porrett,  of  the  Tov/et  of  London,  found  that  ufhen  triple 
prussiate  of  soda  was  galvanized,  the  soda  nearly  pure,  appeared  at 
the  negative  pole  and  thfi  add  and  iron  or  oxide  of  iron  at  the  pod- 
tive,  the  latter,  apparently  as  an  element  of  the  acid  which  there  suf- 
fered decomposition ;  a  part  was  volatilized,  as  common  prussic  acid, 
and  a  part  was  precipitated  with  the  iron  (now  become  a  base,)  in 
the  form  of  Prussian  blue. 

4.  Mr.  Porrett  inferred,  that  the  iron  in  the  triple  prussiates,  is  not 
a  base,  but  that  with  the  elements  of  the  prussic  add,  it  forms  a  new 
and  stronger  acid;  and  this  is  the  view  now  generally  admitted 
among  chemists. 

FERRO-PRUSSIC  OR  FERRO-CYANIC  ACID. 

1.  Preparation. 

(a.)  By  tartaric  add. — ^With  Mr.  Porrett,  we  dissolve  60  grains  of 
crystallized  prussiate  or  ferro-cyanate  of  potassa  in  2  drachms  of  pure 

*  Formerly  c&lled  triple  prussiate,  and  this  term  is  occasionally  used  as  in  the  text 
t  See  Mr.  Porrett's  memoirs  in  the  Phil.  Trans.  1814  and  15. 
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Moistened  cyanuret  of  mercury^  2  parts,  chilled  by  cold  water  or 
belter  by  a  freezing  mixture,  is  covered  by  1  pari  of  bromine;  there 
is  much  heat,  and  bromide  of  mercury  and  bromide  of  cyanogen  are 
formed ;  the  latter  sublimes,  and  is  condensed  in  long  needles  or  cubes. 
In  properties  it  is  almost  jdentical  with  iodide  of  cyanogen,  but  it 
is  more  volatile. 

It  is  excessively  noxious  ;  a  rabbit  was  killed  instantly  by  a  grm 
dissolved  in  water  and  placed  in  his  throat.* 

In  relation  to  cyanogen  there  is  a  strong  analogy  in  the  action  of 
chlorine,  iodine  and  bromine,  in  as  much  as  they  all  produce  cyan- 
ides or  cyanurets,  and  also  by  the  action  of  water  or  of  its  elements, 
they  form  peculiar  acids. 

CYANURET    OP    POTASSIUM. 

The  direct  combination  of  these  bodies  has  been  already  mention- 
ed under  cyanogen,  and  it  is  again  named,  that  we  may,  by  having  it 
in  view,  pass  the  more  intelligently  to  other  compounds. 

It  was  formed  by  Mr.  Robiquet,  by  heating  to  redness,  for  a  good 
while,  the  ferro<yanate\  (prussiate)  of  potassa;  if  carefully  man- 
aged, the  add  is  destroyed  and  cyanuret  of  potassium  remains,  mixed 
with  carbon  and  iron.  If  correctly  done,  the  aqueotu  solution,  leav- 
ing the  carbon  and  iron,  vnll  be  colorless,  and  will  not  precipitate  prus- 
sian  blue  from  an  acid  solution  of  a  per  salt  of  iron.  The  cyanuret 
of  potassium  is  fusible,  and  when  kept  dry,  is  not  liable  to  change.^ 

Composition. — Cyanogen,  1  equiv.  26,  +  potassium,  1  equiv.  40 
=  66,  its  eqniv. 

HYDRo-CYANATEs,J  {simph  prussiates.\\) 

Salts  formed  between  prussic  acid  and  the  bases. 

1,  The  cyanuret  of  potassium  can  exist  only  in  the  dry  state; 
when  dissolved  in  water,  it  appropriates  the  elements  of  that  fluid 
and  forms  hydro-cyanatc  of  potassa. 

The  hydro-cyanates  are  formed  also,  by  coihbining  prussic  add 
(the  hydro-cyanic,}  unth  the  bases. 

2.  Such  compounds,  with  alkaline  or  otlier  bases,  were  form&rly 
caZ/edf  (for  reasons  that  will  soon  appear,)  simple  prussiates;  when 
with  an  alkaline  base,  the  salt  is  always  alkaline ;  soluble  in  water 
and  alcohol;  with  salts  of  protoxide  of  iron  gives  an  orange  colored 

•  T.  and  Edin.  Jour.  Sci.  No.  xiil,  p.  189. 

t  According  to  Dr.  W.  H.  Ellet,  it  is  when  anhydrous,  a  compound  of  cyanuret 
of  Iron  and  cyanuret  of  potassium.  Am.  Jour.  Vol.  xviii,  p.  829. 

X  These  salts  would  have  been  introduced  immediately  after  the  prussic  acid,  bad 
it  not  been  that  they  are  more  intelligible  in  connexion  with  the  ferro-cyanic  acid 
and  its  salts. 

\  Dissolve  the  pure  bi-cyanide  of  mercury  in  pure  water,  and  add  a  soIuImo  oi 
hyaro-sulphate  or  potash  so  long  as  a  black  precipitate  falls,  the  clear  liquor  is  a  ^ 
lution  of  hydro-cyanate  of  potassa.^-A.  a.  rates.  ||  Of  the  old  nomenclature. 
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3.  Compontion. 

(a.)  It  IS  a  singular  fact  that  while  all  the  elements  ofprussic  acid 
are  present  in  this  acid,  its  properties  are  widely  different ;  this  is 
supposed  to  be  accounted  for  by  the  combination  with  metallic 
iron.* 

(i.)  The  elements  are  differently  assorted  by  different  writers^  and 
we  are  still  without  decisive  evidence  of  their  real  arrangement. 

(c.)  According  to  Mr.  Porrett,  this  acid  is  composed  of  1  equiv. 
of  hydro-cyanic  acid  27,  +  1  of  iron  28,  +  2  carbon  12=67. 

Dr.  W.  H.  EUet,  preferring  the  analysis  of  Robiquet,f  as  giving 
the  nitrogen  and  carbon  in  the  proportions  in  which  they  are  known 
to  exist  in  cyanogen,  states  its  composition  as  being  cyanogen  2  equiv. 
=62,  +  1  of  iron  28,  +  1  of  hydrogen  =  81,  or  giving  1  equiv.  of 
the  cyanogen  to  the  iron,  arid  1  to  the  hydrogen,  there  will  be  cyan- 
uret  of  iron  1  equiv.  64,  +  prussic  acid  1=27^81  as  before ;  or, 
since  it  resembles  the  hydracids,  the  cyanogen  2  equiv.  62,  may  all 
be  given  to  the  iron  28=80,  which  may  be  regarded  as  a  base,  and 
the  1  equiv.  of  hydrogen  =  81,  completes  the  acid.| 

M.  Robiquet  afterwards  proposed  a  different  arrangement,  so  as  to 
admit  of  the  existence  of  prussic  acid  and  cyanuret  of  iron^ — ^thus 
cyanogen  3  equiv.  =78,  iron  1«28,  hydrogen  2=108;  assorted 
thus,  =  2  equiv.  of  cyanogen  62+2  of  hydrogen  =  64,  +  1  iron  28, 
and  cyanogen  1,  26=64=108. 

Upon  this  view  the  base  of  the  acid  is  composed  of  3  equiv.  of 
cyanogen  =  78,  +  1  of  iron  28=106,  made  acid  by  2  of  hydrogen 
a=sl08;  or  the  base  may  be  composed  of  cyanogen  2  equiv.  =  62, 
+  cyanuret  of  iron  2=54=106,  and  then  2  of  hydrogen  =108. 

It  is  obvious  that  the  subject  is  by  no  means  fully  elucidated,\\ 

The  simple  prussiates  retain  names  indicating  their  composition, 
and  are  therefore  called  prussiates  or  hydro-cyanates,  while  ferro- 
is  prefixed  to  the  combinations  of  the  acid  in  the  triple  prussiates,  and 
when  another  substance,  as  for  example  sulphur,  takes  the  place  of 
the  iron,  the  nomenclature  is  altered  accordingly,  as  will  presendy 
appear.ir 


*  This  is  in  accordance  with  Mr.  Porrett's  more  mature  opinion ;  at  first  be  sup- 
posed that  the  iron  was  in  the  state  of  oxide, 
t  Ann.  de  Chim.  et  de  Phys.  Vol.  xii. 
i  Am.  Jour.  Vol.  xviii,  p.  331. 

iAnn.  de  Chim.  et  de  Phys.  Vol.  xvii,  p.  197. 
In  the  assortment  of  equivalents  so  as  to  bring  out  a  desired  result^  severe  as 
this  mental  exerci!*e  appears,  there  seems  to  be  some  room  for  the  indulgence  of  the 
imagination ;  see  Berzelius,  Ann.  de  Chim.  et  de  Phys.  Vol.  xv,  p.  144,  and  Robi- 
quet, Vol.  xvii,  p.  196. 

IT  1  do  not  think  it  necessary  to  mention  the  singular  nomentlature  proposed  by 
Mr.  Porrett,  since  ii  was  never  adopted  by  chemists. 
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When  feiTO-cyanic  acid  combines  with  the  oxides  of  bases,  it  e 
supposed,  at  least  when  they  are  dried  at  a  high  temperature,  to  re- 
linquish the  hydrogen  to  the  oxygen  of  the  oxide,  and  this  die 
compound  becomes  a  cyanuret  of  the  base. 

FERRO-PRUSSIATE   OR   FERRO-CTANAT£    OF    POTASSA« 

1.  Preparation. 

(a.)  By  digesting  to  saturation  caustic  potasMU  with  pur^ 
Prussian  ilue.j 

(b.)  In  the  arts^  it  is  largely  formed  in  the  process  for  pnma 
blue^  (p.  267,  of  this  volume,)  blood  or  other   animal  matter  bek  | 
calcined,  probably  with  the  addition  of  iron  or  its  oxide. 

2.  Properties. 

(a.)  Obtained  by  evaporatianj  in  neutral  lemon  yellow  crjuA,  \ 
quadrangular  tables  derived  from  an  acute  rhomboid. 

(6.)  Inodorousy  slightly  bitter y  does  not  change  in  the  air;  sp.;r. 
1.83 ;  soluble  at  60^  in  3  parts  of  water,  and  in  a  little  moretbtQl 
at2120. 

(c.)  By  heaty  it  loses  AS  of  watery  and  becomes  white,  butwft- 
out  fusion  ;  by  ignition  in  close  vesselsy  it  is  decomposed  Bod  jidi 
prussic  acid,  caroonic  acid  and  carbonic  oxide,  carburetted  bydrop 
and  ammonia,  and  leaves  charcoal  with  iron  and  alicali  coDtamiDS^<7' 
anogen.t 

(d.)  Fuming  muriatic  add  evolves  ferro-prussic  acidy  and  faro' 
white  precipitate  ;  it  is  dissolved  by  sulphuric  acid,  and  the  dim 
sulphuric  and  muriatic  acids,  and  even  acetic  acid,  with  heat,  evo)« 
common  prussic  acid. 

(e.)  Jyot  decomposed  by  alkalies  or  alkaline  saltSy  whence,  as  wd 
as  from  similar  reasons  already  stated,  it  is  inferred  that  its  iroo  €J0 
not  in  the  base  but  in  the  acid. 

(/.)  Composition. — Inhere  is  so  much  difference  of  opinion  » 
this  pointy  that  I  shall  not  enter  upon  a  discussion  of  the  evidence, 
but  simply  state  results.^ 

Dr.  Turner  gives  the  following  as  the  most  probable  result— cy- 
anogen 3  equiv.  =  78,  potassium  2=80,  iron  1=28,  hydrogen  3, 
oxygen  3=24=213.  ' 


•  By  digestion  with  1  part  sulphuric  acid  diluted  wiUi  6  of  water  to  re»»« 
alumina. 

t  The  pale  simple  prussiate  becomes  yellow  ferro-prussiate  by  digestjoo  wm^ 
toxide  of  iron,  and  Ine  remaining  unsaturated  alkali  may  be  neutralized  by  pr^* 
acid. 

X  Robiquet,  Ann.  de  Chim.  et  de  Phys.  Vol.  x vi i,  p.  205. 

§  See  Phil.  Mag.  and  Annal*,  Vol.  i,  p.  110,  and  Henry's  Cbcm.  Vol.  ii,P  5^' 
nth  Ed. 
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Berzelius  regards  it  as  a  double  eyanuret  of  potassium  tmd  iron, 
and  not  as  a  prussiate ;  as  a  ferro-cyanate,  it  may  be  regarded  as 
composed  of  ferro-cyanic  acid  81,  (composed  of  cyanogen  2  equiv. 
62,  +  iron  1,  28,  +  1  hydrogen,)  with  potassa  1  equiv.  48,  and  wa- 
ter one,  9=138;  or  as  a  double  eyanuret,  (the  cyanogen  being 
equally  divided  between  the  metals) ;  pf  eyanuret  of  iron  54,  (com- 
posed of  1  cyanogen  26+1  iron  28,)  and  eyanuret  of  potassium  66, 
i composed  of  cyanogen  26,  +  potassium  40)  =  120.*  The  dif- 
erence,  18,  between  this  and  the  preceding  result,  is  made  up  of  the 
oxygen  in  the  potassa  8,  +  water  9,  +  1  hydrogen  in  the  acid. 

This  salt  is  of  great  utility  in  the  arts^  for  forming  pnissian  blue, 
and  in  chemistry yhr  precipitating  nearly  all  metallicf  and  some  earthy 
salts. 

There  is  nothing  in  the  prussiates  of  the  other  alkalies  and  alkaline 
earths  that  requires  detail ;  they  are  formed  in  the  same  manner  with 
the  salt  just  described,  and  some  of  them,  particularly  the  prussiates 
of  soda,  ammonia,  lime  and  baryta,  are  occasionally  used  as  tests  or 
to  aid  in  forming  some  of  the  prussic  preparations. 

PRUSSIAN   BLUE. 

This  compound  has  been  briefly  mentioned  in  the  present  volume, 
p.  267,  and  in  Vol.  I,  p.  417.  The  theory  of  its  formation  and  the 
actual  state  of  the  elements  and  principles,  have  been  the  subject  of 
much  experiment  and  discussion,  and  of  great  difference  of  opinion, 
from  the  period  of  Scheele^s  admirable  investigation  to  this  time. 

It  would  be  of  little  use  to  the  general  student  as  well  as  incon- 
sistent with  the  limits  of  this  work,  to  reiterate  the  numerous  re- 
searches and  various  opinions  of  very  able  men  upon  the  prussic 
compounds,  and  especially  upon  the  parent  substance,  Prussian  blue.J 
The  most  probable  results  are  all  that  we  can  give. 

1 .  We  have  already  stated,  that  the  basis  of  thk  coloring  principle  of 
Prussian  blue  is  generated  by  the  reaction  of  the  elements  of  the  a/if- 
mal  matter  in  the  fire,  and  it  appears  that  the  compound  is  at  first 
in  the  condition  of  eyanuret  of  potassium;  that  is  to  say,  the  cyano- 
gen, the  basis  of  prussic  acid,  unites  with  the  potassium  of  the  potassa. 

If  there  were  no  iron  in  the  materials,  the  solution  of  this  eyanuret 
in  water  wovldgive  simply  a  prussiate  or  hydro-cyanate  of  potassa ; 


*  Dr.  W.  H.  Ellet,  in  Am.  Jour.  Vol.  xviii,  p.  882.  i 

f  See  a  table,  p.  611. 

i  They  may  be  found  in  the  Journals  and  olher  hooks  of  science,  and  in  addition 
to  those  already  cited,  we  may  mention  Sche^le's  Chemical  E^^ays;  Gay-Lussa?, 
Ann.  de  Chimie,  Vol.  Ixzxviii,  p.  128;  Proust,  Id.  Vol.  Ix,  p.  225;  Porrettand  Ro- 
biquet,  Ann.  de  Ch.  et  de  Ph.  Vol.  i,  p.  120,  Id.  Vol.  xii,  p.  872  and  378;  Vauque- 
lib,  Id.  Vol.  ix,  p.  118. 
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but  if  tron  filings  or  oxide  of  iron  have  bten  added*  with  the  other 
materials,  then  the  compound  would  contab  iroo  and  would  be  a  fir- 
ro-ej/anate  of  potassa^  the  elements  of  water  having  afibrded  the  ox- 
ygen to  the  potassium  and  the  hydrogen  to  the  cyanogen. 

2.  In  the  arti^  the  proto-ndphatt  of  iron  it  always  added  to  iht 
alkaline  solution;  agreeably  to  tlie  prevailing  theory,  the  hydrogen 
of  part  of  the  prussic  acid  reduces  some  of  the  iron  to  the  metaUic 
state  I  this  unites  with  the  cyanogen  to  form  a  cymurei  of  iron.  wkiA, 
combining  with  tlie  remainder  of  the  hydrocyanic  aad^  forms  fer- 
ro<uanie  add;  or,  as  the  French  authors  more  consistently  call  it, 
the  hydro-ferro-cyanic  acid. 

3.  Prussian  blue  is  esMentially\  a  compound  of  this  add  witk 
oxide  of  tron,  and  as  the  green  sulphate  is  used  in  the  manofac- 
ture,  the  iron  is  in  the  first  instance,  in  the  state  of  protoxide ;  bat 
it  passes,  at  least  in  a  great  proportion,  to  the  condition  of  per-oxide, 
and  prusssian  blue  always  contains  a  ferro-cyanate  of  the  per-oxide 
of  iron,  or  a  ferro-prussiate  of  iron.  Both  for  breiity^  and  for  eu- 
phony, Prussian  blue  is  the  preferable  name. 

4.  ffith  respect  to  the  state  of  oxidation  of  the  iron,  chemists  are 
not  all  agreed;  most  of  them  consider  the  iron  as  a  peroxide;  Dr. 
Thomson  and  Prof.  Berzelius  admit  two  oxides,  and  Dr.  W.  H.  El- 
let  states,  from  his  own  experiments,  that  if  all  (he  iron  that  is  in  the 
state  of  red  oxide  is  separated  by  muriatic  acid,  the  ferro-cyanic  acid 
left  will  equal  72  per  cent,  of  the  entire  salt,  and  thai  if  all  the  iron  which 
it  contains  is  converted  into  peroxide  by  the  nitric  acid,   **  a  quanOty 
is  obtained  whose  proportion  to  that  separated  from  an  equal  portion 
by  muriatic  acid  is  as  5 :2."     He  thinks  also,  that  the  color  depends 
on  water  combined,  for  strong  sulphuric  acid  renders  prussian  blue 
white  and  water  restores  the  color.     In  prussian  blue  he  finds  the 
acid  is  in  the  proportion  of  1.5  to  1  base,  and  he  gives  the  following 
as  the  only  constitution  reconcilable  with  the  facts.     One  equivalent 
ferro-cyanic  acid,  121.6,  (composed  of  3  cyanogen,  =  78  +  1.5  iron 
SSI  42  +  1.5  hydrogen,)  +  1  equiv.  peroxide  of  iron  =  40  (com- 
posed of  iron  28,  -f-  oxygen  1 J  equiv.  =  12,)  -|-  1  equiv.  of  wa* 
ter,  9,  =  170.5,  the  equiv.  of  prussian  blue.J 

Miscellaneous  facts  and  remarks, — ^The  principal  properties  of 
prussian  blue  have  been  mentioned  under  iron ;  it  may  be  added  in 
relation  to  its  combustibility,  that  Dr.  Hare,  on  heating  it  red  hot  for 
about  a  minute  in  a  glass  tube  and  then  sealing  it,  finds  that  it  forms 
a  pyrophorus,  which  fires  when  the  tube  is  opened. 

Chlorine  turns  prussian  blue  green,  and  it  becomes  blue  again  by 
disoxigenizing  substances,  such  as  the  sulphates,  sulphurous  acid,  be. 

*  Or  possibly,  the  iron  miiy  be  derived  from  vewels  of  that  metal  in  which  tlie 
catelnation  is  often  performed,  or  even,  in  a  nniall  decree,  from  Uie  blood  when  that  is 
used.  t  See  the  qualidcattoos  to  this  upinion  in  tlie  notes  to  p.  268  of  thb  votume. 

\  Am-  Jour.  Vol.  xviii,  p.  331,  Id.  Vo!.  xik,  p.  173. 
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Besides  the  alumiaa  already  mentioned,  as  being  mixed  with  prus- 
sian  blue,  the  manufacturers  add  often  chalk,  starch  or  plaster  of 
Paris.  Prussian  blue  has  so  powerful  an  attraction  for  water  that 
it  absorbs  it  rapidly  from  the  atmosphere. 

Gay-Lussac's  first  opinion,  after  the  discovery  of  cyanogen^  was 
that  Prussian  blue  is  a  cyanuret  of  iron.  Berzelius,*  denying  the 
existence  of  ferro-cyanic  acid,  regarded  it  as  a  prussiate  of  both 
protoxide  and  peroxide  of  iron,  in  variable  proportions.  Robiquet 
viewed  it  as  a  cyanuret  of  iron  combined  with  prussiate  of  peroxide 
and  water.  In  Dr.  Murray's  Elements,  the  opinion  is  maintained 
that  in  ferro-prussic  acid  the  iron  is  in  tlie  state  of  a  base,  and  that 
in  the  triple  prussiates  the  bases  are  united  with  super  prussiate  of 
protoxide  of  iron  composed  of  3  equiv.  of  prussic  acid  and  1  of 
protoxide  of  iron. 

OTHER   FEIlRO-PRUSSlAf£S    AND    CTANURETS. 

TheferrO'prussiaies  of  other  metallic  bases  are  obtained  by  doubU 
exchange^  between  ferro-cyanaie  of  potassa  and  the  soluble  salts  of 
metals ;  thus,  the  ferro-prussidte  of  lead  is  white^  and  by  a  moderate 
heat  it  becomes  a  double  cyanuret  of  iron  and  lead ;  when  heated,  it 
is  converted  into  a  pyropborbs  and  takes  fire  on  coming  to  the  air« 

The  same  thing  happens  with  the  parallel  compound,  with  copper^ 
and  also  with  cobalt ;  the  prussiate  of  cobalt  is  deep  green.  The 
prussiate  of  mercury  is  formed  by  boiling  peroxide  of  mercury  with 
water,  on  prussian  blue.  The  cyanuret  of  silver  turns  bluish  by  rfc- 
siccation  and  becomes  a  pyropfaorus  like  the  rest. 

Table  of  precipitates  formed  by  fcrro^cyanate  of  potassa  in  me" 
taUic  solutions,-^  ThSnard. 

From  solutions  of  salts  of  Color  of  precipitate ^ 

Iron,  (protoxide,)         *         -         -       white. 

(deutoxide,)        -        -        -       pale  blue ;  peroldde,  deep 

Copper,  (protoxide,)    -        -         -       white.  [blue.f 

(deutoxide,)  -        *        -       deep  brown. 

Platinum^  ...         -       yellow. 

Palladium,  -         -         -         *       olive. 

Silver,       -----       white,  changing  to  blue# 

Nickel,      -         -         -         -         -       apple  green. 

Cobalt,      -        -        -        -        *       grass  green. 

Titanium,  -         -         -         -       reddish  brown. 

Uranium,  .        -        -        -       blood  red. 

Gold,  Mercury,  (deutoxide,)  Lead,  ^ 
Tin,  Zinc,  Manganese,  Antimony,  >  white. 
Cadmium,  Bismuth,  Cerium,  ) 


•  Ann.  of  Philos.  N.  S.  Vol.  i,  p.  444. 

t  The  color,  so  altered,  has  received  different  names,  ds  Antwerp  bine  j  fig  blue,  Ikc« 
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but  if  iron  filings  or  oxide  of  iron  have  been  added*  with  tlie  other 
materials,  then  the  compound  would  contain  iron  and  would  be  a  ftr^ 
ro^anaie  of  potassoy  the  elements  of  water  having  affi>rded  the  ox- 
ygen to  the  potassium  and  the  hydrogen  to  the  cyanogen. 

2.  In  the  arts^  the  proto-sulphate  of  iron  is  always  added  to  the 
alkaline  solution;  agreeably  to  die  prevailing  theory,  the  hydrogen 
of  part  of  the  prussic  acid  reduces  some  of  the  iron  to  the  metallic 
state  I  this  unites  with  the  cyanogen  to  form  a  eyanuret  of  iron,  which^ 
combining  with  die  remainder  of  the  hydro^anic  aad^  forms  fer- 
ro-cuanic  aeid ;  or,  as  the  French  authors  more  consistently  call  it, 
the  nydro-ferro-cyanic  acid. 

3.  Prussian  blue  is  essentially  f  a  compound  of  this  acid  with 
oxide  of  irony  and  as  the  green  sulphate  is  used  in  the  manufac- 
ture, the  iron  is  in  the  first  instance,  in  the  state  of  protoxide  ;  but 
it  passes,  at  least  in  a  great  proportion,  to  the  condition  of  per-oxide, 
and  prussslan,  blue  always  contains  a  ferro-cyanate  of  the  per-oxide 
of  iron,  or  a  ferro-prussiaie  of  iron.  Both  for  brevity  and  for  eu- 
phony, Prussian  blue  is  the  preferable  name, 

4.  IVith  respect  to  the  state  of  oxidation  of  the  iron^  chemists  are 
not  dU  agreed ;  most  of  them  consider  the  iron  as  a  peroxide  ;  Dr. 
Thomson  and  Prof.  Berzelius  admit  two  oxides,  and  Dr.  W.  H.  El- 
let  states,  from  his  own  experiments,  that  if  all  the  iron  that  is  in  the 
state  of  red  oxide  is  separated  by  muriatic  acid,  the  ferro-cyanic  acid 
left  will  equal  72  per  cent,  of  the  entire  salt,  and  that  if  all  the  iron  which 
it  contains  is  converted  into  peroxide  by  the  nitric  acid,  "  a  quantity 
is  obtained  whose  proportion  to  that  separated  from  an  equal  portion 
by  muriatic  acid  is  as  5:2."  He  thinks  also,  that  the  color  depends 
on  water  combined,  for  strong  sulphuric  acid  renders  prussian  blue 
white  and  water  restores  the  color.  In  prussian  blue  he  finds  the 
acid  is  in  the  proportion  of  1.5  to  1  base,  and  he  gives  the  following 
as  the  only  constitution  reconcilable  with  the  facts.  One  equivalent 
ferro-cyanic  acid,  121.5,  (composed  of  3  cyanogen,  =  78  +  1.6  iron 
=  42  +  1.6  hydrogen,)  +  1  equiv.  peroxide  of  iron  =  40  (com- 
posed of  iron  28,  +  oxygen  1 J  equiv.  =  12,)  +  1  equiv.  of  wa- 
ter, 9,  =  170.6,  the  equiv.  of  prussian  blue. J 

Miscellaneous  facts  and  remarks. — The  principal  properties  of 
prussian  blue  have  been  mentioned  under  iron ;  it  may  be  added  in 
relation  to  its  combustibility,  that  Dr.  Hare,  on  heating  it  red  hot  for 
about  a  minute  in  a  glass  tube  and  then  sealing  it,  finds  that  it  forms 
a  pyrophorus,  which  fires  when  the  tube  is  opened. 

Chlorine  turns  prussian  blue  green,  and  it  becomes  blue  again  by 
disoxigeniaing  substances,  such  as  the  sulphates,  sulphurous  acid,  be. 


*  Or  possibly,  the  iron  ms^y  be  derived  from  vessels  of  that  metal  in  which  the 
calcination  is  often  performed,  or  even,  in  a  small  decree,  from  the  blood  when  that  is 
used.  t  See  the  qualifications  to  this  cpinion  in  the  notes  to  p.  268  of  this  volume. 

t  Am-  Jour.  Vol.  xviii,  p.  331,  Id.  Vol.  xix,  p.  173. 
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Sulphuret  of  cyanogen. — Lassaigne,*  by  mixing  per-chloride  of 
sulphur  1  part  with  2  of  cyanide  of  mercury,  and  leavmg  them  some 
days  in  a  flask,  has  obtained  a  new  compound  of  sulphur  and  cyano* 
gen  ;    it  is  a  colorless  crystalline  sublimate,  in  rhomboidal  scales, 
which  powerfully  decompose  light.     It  is  very  volatile  and  pungent. 
£xposed  to  air  and  light,  it  soon  becomes  yellow.     It  dissolves,  both 
in  water  and  alcohol.     Its  solution  in  water  reddens  litmus,  and  gives 
a  red  color  to  the  salts  of  iron.    This  is  the  only  compound  of  these 
two  elements  which  has  hitherto  been  obtained  in  an  isolated  state. 
It  coDtams  24  per  cent,  of  sulphur,  and  may  be  considered  as  a 
di-sulphuret  of  cyanogen ;  we  have  therefore  three   known  com- 
pounds of  sulphur  and  cyanogen.     1st.  1  atom  of  sulphur  +2  atoms 
cyanogen.     2d.  2  atoms  sulphur  + 1  atom  cyanogen.     3d.  4  atoms 
sulphur +1  atom  cyanogen. 

The  first  is  the  sulphuret  of  cyanogen  of  Lassaigne.     The  second 
the  base  of  the  sulpho-cyanic  acid  of  Porrett.    The  third  is  the  base 
of  the  sulphuretted  sulpho-cyanic  acid  of  Berzelius,  a  yellow  com- 
pound obtamed  by  heating  sulphur  in  prussic  acid  vapor. 
Concluding  Remarks. 

The  complicated  and  difficult  subject  of  the  prussic  compounds  ap- 
pears to  be  much  embarrassed  by  the  existing  nomenclature.  Had 
the  basts  of  prussic  acid,  (cyanogen,)  according  to  an  early  sugges- 
tion of  Sir  H.  Davy,  obtained  the  name  prussine^  from  its  parent 
acid  and  salt,  then  the  name  of  prussic  acid  would  have  been  regu- 
larly derived  from  it ;  the  cyanic  acids  might  have  been  called  oxy- 
prussic  and  oxy-prussous ;  the  ferro-cyanic,  (or,  as  the  French  have 
it,  the  hydro-ferro-cyanic,)  would  have  been  ferro-prussic,  and  so  of 
sulpbo-prussic  and  other  similar  acids ;  the  cyanurets  would  have 
been  prussides;  the  salts  would  have  been  prussiates,  ferro-prus- 
siates,  oxy-prussiates,  oxy-prussites,  &c.  and  every  thing  would 
have  harmonized  with  the  original  names  and  conception  of  the  two 
parent  bodies,  prussian  blue  and  prussic  acid.  Had  it  been  foreseen, 
by  its  illustrious  discoverer,  that  cyanogen  is -not,  after  all,  what  its 
name  implies,  probably  the  present  terms  would  not  have  been  intro- 
duced, and  were  they  not  so  thoroughly  inwrought  into  the  very  text- 
ure of  the  established  language  of  all  chemical  authors,  it  would 
seem  better,  even  now,  to  resort  to  a  more  simple  and  harmonious, 
and  a  more  easily  mtelHgible  nomenclature. 

Mr.  A.  A.  Hayes,  by  distilliog  nitric  acid  8  parts,  (coDtaining  1  of  dry  acid,)  from 
1  of  raw  sugar,  returning  the  condensing  fluid  upon  the  suear,  and  redistilling,  filled 
a  small  room  with  the  effluvia  of  prussic  acid,  so  that  the  afr  became  irrespirable,  and 
the  decanted  fluid,  mixed  with  ammonia,  and  then  with  proto-sulphate  of  iron  and  an 
acid,  save  a  bulky  precipitate,  which  by  exposure  to  the  air,  became  prussian  blue. 
Am.  Jour.  Vol.  zviii,  p.  201. 

*  Poggendorf  s  Anoals,  Vol.  xiv,  p.  632;  quoted  in  Am.  Jour.  Vol.  xix,  p.  878. 
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APPENDIX    TO    ANIMAL    SUBSTANCES. 

A  few  topics  remain  which  may  be  not  inconveniently  disposed!  | 
under  this  head. 

GASTRIC    AND    PANCREATIC    FI.UIDS. 

Gastric  juice. — 7%w  tr  the  immediate  solvent*  of  the  food  o/ct 
malsy  and  is  secreted  in  the  stomach.  Obtained  from  aniniakik 
have  been  killed  after  fastingf  for  some  time ;  it  is  a  transparent  Hi 
neither  acid  nor  alkaline,  but  has  a  slighdy  saline  and  bitter  taste;  k 

Erecipitates  nitrate  of  silver,  and  the  residuum,  after  evaporatioa,isde' 
quescent  and  has  an  unpleasant  odor. — h.  During  digestioa  itca- 
tains  an  acid  ;  Dr.  Prout];  ascertained  tliat  it  is  generally  the  a»- 
riatic,^  and  in  severe  cases  of  dyspepsia  the  acid  is  often  thron 
from  the  stomach  in  considerable  quantity.  Acetic  acid  is  secret^!, 
along  with  the  muriatic,  when  the  stomach  Is  stimulated  hy  food  or  iif 
any  foreign  body,  even  by  flint  stones.  ||  In  herbivorous  animals  phos- 
phoric acid  has  been  found.lT 

The  gastric  fluid  contains  a  little  albumen,  gelatin  and  mocis. 
There  is  nothing  in  the  nature  of  the  chemical  agents  hitherto  asar- 
tained  in  this  fluid,  that  will  adequately  explain  its  action  in  ditsdt- 
ing  foody  and  thus  preparing  it  for  assimilation. 

It  coagulates  milk,  probably  by  some  power  not  dependent  ob 
acids.  If  the  animal  temperature  is  preserved,  it  dissolves  aKm»- 
tary  substances  out  of  the  stomachy**  and  dissolves  and  rmm 
food  from  perforated  silver  balls  or  tubes  introduced  into  the  sUmr 
achy  and  leaves  them  empty.f  f 

A  few  years  since,  a  soldier,  whose  stomach  had  been  perforated  by 
a  wound  which  long  remained  open,  permitted  the  surgeon  of  the  po^ 
to  convey  into  his  stomach,  through  this  opening,  portions  ofdi&reni 
varieties  of  meats  and  other  substances  properly  secured,  and  to  vitb- 
draw  them  by  a  string  at  the  end  of  particular  periods ;  they  were  foaoi 
in  every  stage  of  digestion,  corresponding  with  all  that  has  been  berc- 


*  If  that  ctn  be  called  a  solvent  which  decompeses  the  food  and  recomposes  it  into 
a  new  form,  for  neither  chyme  nor  chyle  consist  of  a  solution  of  food,  or  eveo  eon- 
tain  the  same  proximate  principles. — w.  t.' 

t  it  is  obtained  also  from  the  human  stomach,  by  voluntary  vomiting  befiire  breu- 
iast,  and  from  fasting  animals,  by  thrusting  sponges  attached  to  wires  doim  tter 
throats.  t  Philosophical  Transactions,  1824,  p.  45. 

§  Ascertained  by  Dr.  Prout  to  exist  also  in  the  stomach  of  the  rabbit,  horse,  call 
and  dog. 

n  Tiedman  and  Gmelin,  quoted  by  Dr.  Turner.  H  Yauquelin. 

•*  It  appears  then,  in  no  way  extraordinary,  that  it  should  attack  the  stomacb  itself 
after  death,  as  it  is  stated  to  do  on  the  authority  of  John  Hunter.  This  happens  P^' 
ticularly  with  strong  carnivorous  animals,  which,  when  examined  a  few  hours  tfter 
a  sudden  death,  exhibit  corrosion  in  the  depending  part  of  the  stomach.— ^K'^'^* 

ft  SpaHanzani,  Reamur,  Stevens. 


-^ 
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tofore  stated  as  to  the  solvent  power  of  the  gastric  fluid.^    In  this 
manner  it  is  known  that  the  chyme  is  prepared^  from  which,  in  its  pas- 
sage through  the  smaller  intestines,  the  nutritous  matter  is  withdrawn 
by  the  proper  vessels.     The  gastric  fluid  is  a  powefftd  aniisepiiCf  and 
not  only  prevents  putrefaction  in  aliment  already  received,  but  out  of 
the  body  also,  corrects  incipient  decomposition,  and  restores  tainted 
meat  to  sweetness.    The  subject  of  digestionf  belongs  to  animal  phys- 
iology,  and  we  therefore  dismiss  it  with  these  few  citations  of  facts. 
It  is  obvious  that  we  are  not  yet  certain  what  the  pure  gastric  fluid 
is  J  for,  even  in  fasting  animals  it  is  very  liable  to  admixture  with  for- 
eign substances.     According  to  Chevreul,  98  parts  in  100  are  water. 
Pancreatic  juice. — Thesedine  contents  of  this  fluid  are  similar  to 
those  of  saliva^  which  fluid  it  has  been  supposed  to  resemble.     It 
does  not  contain  the  sulpho-cyanic  acid.     It  affords  twice  as  much 
solid  matter  as  saliva^  this  matter  is  principally  cdbumen'l  with  some  of 
the  animal  matter  of  saliva  and  a  litde  osmazome.     It  reddens  litmus 
paper,  an  eflfect  attributed  to  acetic  acid.     The  uses  of  the  pancreatic 
fluid  are  unknown. 

CALCULI. 

Urinary  calculi. — Omiting  most  of  the  medical  topics  connect- 
ed with  this  subject,  it  is  my  purpose  to  present  merely  an  outline 
of  the  composition,  and  of  some  of  the  leading  properties  of  these 
bodies,  abridged  from  the  best  authorities.^ 

Urinary  calculi  may  be  arranged  according  to  the  substances  pre- 
vailing in  their  composition,  under  six  species,  this  is  tlie  division  of  Dr. 
Henry ;  Fourcroy  and  Vauquelin  formerly  made  twelve  divisions. 
I.  Uric  acid  or  urate  of  ammonia ;  II,  Phosphate  of  lime ;  III.  Phos- 

f^hate  of  ammonia  and  magnesia;  IV.  Carbonate  of  lime;  V.  Oxa- 
ate  of  lime ;  VI.  Cystic  oxide  or  animal  oxide. 

Among  600  calculi  examined  by  Fourcroy  and  Vauquelin,  those  of 
uric  acid  constituted  i  ;  oxalate  of  lime  j\ ;  uric  acid  and  earthy  phos- 
phates in  distinct  layers,  about  ^\  ;  the  same  but  intimately  mixed, 

*  I  regret  that  I  loaned  and  cannot  recover  tlie  printed  document  forwarded  to  me 
by  the  surgeon  of  one  of  the  forts  on  the  great  lakes  where  this  case  occurred,  and 
that  I  cannot  therefore,  state  more  particulars,  which  may  be  found  in  the  North 
Am.  Med.  Jour,  of  Philadelphia.  1  recollect  that  meats,  prepared  with  simple  cook- 
ery, were  digested  sooner  and  more  perfectly  than  a-Ia-mode  beef,  and  other  similar 
articles  prepared  with  stuffing,  spices,  fi^c,  and  raw  cabbage  was  said  to  be  dissolved 
sooner  than  any  thing  else.  The  man  was  wounded  in  the  late  war.  and  his  wound 
did  not  prevent  his  performing  light  duties,  the  orifice  being  closed  by  a  proper  ap- 
plication. 

t  For  the  singular  experience  of  Dr.  Mont^gre,  see  Th^nard's  Chemisttry,  Vol. 
iv,  p.  697, 6th  edition. 

t  Gmelin  and  Teidman  as  quoted  by  roost  recent  elementary  works. 

§  Dr.  Henry's  Chemistry,  PhH.  Trans.  1797,  Dr.  Wollaston,  Dr.  Marcel's  Esrxy 
on  calculous  disorderly  Phil.  Trans.  1829,  Ann  de  Chim.  Vol.  xxxvl,  Prout,  Dr. 
Pearson,  Phil.  Trans.  1798,  Prof.  Biande,  Fourcroy  and  Vauquelin,  Scheelc. 
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^V ;  urate  of  ammonia  and  the  phosphates  id  distinct  bjen,  ^MoiT'i; 
the  same  intimately  mixed,  about  7'^ ;  oxalate  of  lime  and  uric  ni 
in  distinct  layers,  about  ^V  f  oxalate  of  lime,  uric  acid  or  iffate  i 
ammonia,  and  earthy  phosphates,  about  j|v  A  aii^  flpecyoei 
was  found  of  siTica  mixed  wiih  some  of  die  phosphates ;  the  una 
of  ammonia  was  rare. — Thenard. 

I.  Calculi  composed  chiefly  of  ukic  acii>. 

The  most  common  species,  half  or  more,  that  have  been  discoio- 
ed  being  of  this  kind,  although  it  is  rare  that  tfaey  consist  of  oricail 
only ;  they  contain  ^^  of  uric  acid  with  urea  and  albuminous  malts.* 

Physical  eharacten. — Surface  tmootky  size  from  that  of  a  beaoa 
that  of  a  large  egg.  Color  brown  or  yellow  or  reddish  fform  &aa- 
,  ed  oval,  but  by  friction  of  several  they  acquire  other  forms ;  ^.^r. 
between  1.276  and  1.786;  average  about  1.5  ;  longitudinal  udm^ 
exhibits  a  nucleus,  firmer  and  more  brilliant  than  the  stooe;  flmctec 
lamellar  and  fibrous;  the  radii  in  concentric  layers,  and  marked  if 
slight  shades  of  color;  the  former  varieties  admit  of  a  polish  istlie 
section,  and  resembles  wood. 

Chemical  characters. — For  most  of  them  and  for  various  to 
see  uric  acid. — Ordy  slightly  soluble  in  cold  water  or  in  muiittc 
acid ;  notfusible^  exhale  the  odor  of  burnt  horn,  and  when  heated 
b  a  crucible,  leave  a  coal  equal  in  weight  to  jth  of  the  calculus ;  coh 
sumed  before  the  blowpipe,  and  leave  a  white  alkaline  ash. 

Urate  of  ammonia. — Color  that  of  clay — surface  smooth  or  tilbe^ 
culated— j^oc^ure  fine  earthy,  although  it  is  formed  in  conceDtric  Jaj- 
ers;  small  and  rare,  but  often  mixed  with  the  calculus  of  uric  add; 
its  powder  is  soluble  in  boiling  water,  and  during  its  solution  in  potaaa 
it  exhales  ammonia,  but  does  not  give  it  up  with  a  heat  of  440^  F.: 
dissolves  in  alkaline  sub-carbonates  which  is  not  the  fact  with  the 
uric  calculi  ;f  often  contains  muriate  of  ammonia. J  It  decrepiiaies 
or  deflagrates  before  the  blowpipe. 

II.  Calculi  composed  chiefly  of  Phosphate  of  Lim£. 
Called  from  the  prevailing  constituent,  bone  earth  calculus. 
Physical  characters, — Color  pale  brown ;  *ur^cc  smooth  as  if  pot- 

ished  ;  in  section^  appear  in  laminae,  which  are  easily  separated ;  in- 
ternal, color  white,  without  lustre ;  friable,  staining  die  hands,  pap^^ 
and  cloth ;  one  of  these  calculi  broke  under  the  forceps;  never  coo- 
tains  crystals ;  powder,  harsh  when  rubbed. 

Chemical  characters. — ^Insoluble  in  potassa,  but  slowly  dissolve  Jn 
dilute  nitric  or  muriatic  acid,  or  in  the  acetic  but  not  in  the  sulpbunc, 

*  Id  160  calculi,  Mr.  Brande  found  uric  acid,  and  in  16  it  was  pure  or  n^^^^X  ^*  *! 
was  found  in  the  mater  number  of  500,  examined  by  Fourcroy  and  VauqucDo,  wj 
of  300,  examined  by  Dr.  Pearson,  and  all  those  exammed  by  Scheele  werefomposw 
of  uric  acid  alone.  Dr.  Henry  found  10  out  of  26  to  be  of  this  sort,  exclasive  ot 
the  alternating  kind.  t  Dr.  Prout.  X  Phil.  Trans.  1829,  p-  7^ 
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of  sp.  gr.  ]  .020 ;  it  ts  precipitated  unchanged  by  alkalies.  The 
evaporated  muriatic  solution  yields  crystals  which  unite  at  angles  of 
60^  and  120^  :  when  the  acid  has  withdrawn  the  phosphate  of  lime, 
a  gelatinous  matter  is  left  in  the  form  of  a  membrane.  Before  the 
blowpipe,  this  calculus  blackens  and  then  bleaches,  and  in  a  high  heat, 
it  ultimately  melts*  It  is  rare  to  meet  with  a  calculus  of  pure  phos- 
phate of  lime. 

UI.  Calculi  composed  chiefly  of  phosphats  or  ammonia  aho 

MAGNESIA. 

Physical  characters — Rarely  purCy*  and  generally  contain  phos- 
phate of  lime,  sometimes  voided  in  the  form  of  a  white  sand,  com- 
posed of  small  shining  crystals,f  and  often  such  crystals  are  found  be- 
tween the  layers  of  other  calculi,  or  on  their  outside  j  between  the  la- 
minie  of  this  calculus  the  same  sparkling  crystals  are  frequent.  It  of- 
ten forms  alternating  layers  with  phosphate  of  lime,  and  with  uric  acid, 
and  soraedmes  it  becomes  a  nucleus  for  the  latter.  Color  white,  gen- 
eraUy  very  pure ;  friable  between  th6  fingers ;  the  powder  is  sweetish* 

Chemical  characters. — Soluble  in  cold  acetic  acid,  and  still  more 
so  in  the  stronger  acids,  which,  on  the  addidon  of  ammonia,  yield  it 
again  unchanged.  Water  at  212^  dissolves  x\  of  the  calculus,  and 
on  cooling,  the  matter  falls  in  shining  crystals.  Potassa  and  soda 
evolve  ammonia  but  without  dissolving  the  calculus.  By  the  blow- 
pipe it  blackens,- ammonia  is  exhaled  and  a  white  powder  remains  of 
very  difficult  fusion,  unless  there  is  also  phosphate  of  lime  present,  when 
a  small  fragment  readily  melts,  the  two  phosphates  acting  as  fluxes  to 
each  other ;  it  is  caUed  the  fusible  caUuUs^  and  weak  acids  dissolve  out 
of  it  the  phosphate  of  ammonia  and  magnesia,  leaving  the  phos- 
phate of  lime,  and  thus  an  approximation  is  made  to  their  proportions ; 
if  the  uric  acid  is  present,  it  will  be  left,  and  may  be  dissolved  in  &. 
caustic  alkali. 

MisceUaneous  remarks. — Calculi  of  this  kind  are  frequent,  and  at- 
tain a  greater  size  than  those  of  uric  acid ;  in  one  or  two  cases,  tber 
have  been  known  even  to  fill  the  bladder.^  The  triple  phosphate  is 
readily  deposited  from  putrescent  urine,  and  from  that  which  is  healthy, 
when  it  touches  a  foreign  body ;  hence  drains  for  urine  are  often 
%tudded  with  its  crystals,  and  it  soon  concretes  around  any  extrane- 
ous body  in  the  bladder,  or  on  the  inner  coat  of  that  organ,  if  diseased. 

rV.  Calculi  composed  chiefly  of  carbonate  op  lime. 

These  are  very  rare ;  are  small,  white  and  friable,  and  the  parts 
have  been  found  cemented  by  animal  mucus;  in  those  cases  they  had 
nearly  the  color  of  the  mulberry  calculus.^ 

*  Mr.  Brande  had  some  years  since,  seen  but  two  that  were  pure  ;  they  were  ex- 
ternally crystallized, 
t  It  then  forms  the  white  grravel  as  uric  acid  does  the  red  gravel. 
X  Phil. Trans.  L809,  p.  803.      §  Dr.  Henry  quoting  the  Medico-Chir.  Trans,  xi.  14. 
Vol.  II.  78 
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■g\ }  urate  of  amoiooia  and  the  phosphates  in  distinct  lajers,  about  ^^; 
the  same  intimately  mixed,  about  j\ ;  oxalate  of  lizne  and  uric  acid 
in  distinct  layers,  about  ^V  y  oxalate  of  lime,  uric  acid  or  urate  of 
ammonia,  and  earthy  pbc»phates,  about  j|f  •  A  siii^Ie  qpecimen 
was  found  of  silica  mixed  wi)h  some  of  die  phosphates ;  the  urate 
of  ammonia  was  rare. — Tkenard. 

I.  Calculi  composed  chiefly  of  uric  acid. 

The  most  common  species,  half  or  more,  that  have  been  discover- 
ed being  of  this  kind,  although  it  b  rare  that  they  consist  of  uric  acid 
only ;  they  contain  y'^  of  uric  acid  with  urea  and  albuminous  matter.* 

Physical  eharacters.-^^Suffaee  tmooth^  size  from  that  of  a  bean  to 
that  of  a  large  egg.  Color  brown  or  yellow  or  reddish  '^form  flatten- 
,  ed  oval,  but  by  friction  of  several  they  acquire  other  forms ;  ip.  gr, 
between  1.276  and  1.786;  average  about  1.5  ;  hn^udimd  sttiion^ 
exhibits  a  nucleus,  firmer  and  more  brilliant  than  the  stone;  slmeture 
lamellar  and  fibrous;  the  radii  in  coiicentric  layers,  and  marked  by 
slight  shades  of  color;  the  former  varieties  admit  of  a  polish  in  the 
section,  and  resembles  wood. 

Chemical  characters, — For  most  of  them  and  for  various  facts 
see  uric  acid. — Oidy  slightly  soluble  in  cold  unUer  or  in  muriatic 
acid ;  not  fusible,  exhale  the  odor  of  burnt  horn,  and  when  heated 
in  a  crucible,  leave  a  coal  equal  in  weight  to  ^th  of  the  calculus ;  con- 
sumed before  the  blowpipe,  and  leave  a  white  alkaline  ash. 

Urate  of  ammonia. — Color  that  of  clay — surface  smooth  or  tuber- 
culated— Jroc^tire  fine  earthy,  although  it  is  formed  in  concentric  lay- 
ers ;  small  and  rare,  but  often  mixed  with  the  calculus  of  uric  acid  ; 
its  powder  is  soluble  in  boiling  water,  and  during  its  solution  in  potaasa 
it  exhales  ammonia,  but  does  not  give  it  up  with  a  heat  of  440^  F. : 
dissolves  in  alkaline  sub-carbonates  which  is  not  the  fact  with  the 
uric  calculi  ;-|-  often  contains  muriate  of  ammonia.|  It  decrepitates 
or  deflagrates  before  the  blowpipe. 

II.  Calculi  composed  chiefly  of  Phosphate  of  Lime. 

Called  from  the  prevailing  constituent,  bone  earth  calculus. 

Physical  characters, — Color  pale  brown ;  ^UT^ace  smooth  as  if  pol- 
ished ;  in  section,  appear  in  laminas,  which  are  easily  separated  ;  in- 
ternal, color  white,  without  lustre ;  friable,  staining  die  bands,  paper 
and  cloth ;  one  of  these  calculi  broke  under  the  forceps;  never  con- 
tains crystals;  pjowder,  harsh  when  rubbed. 

Chemical  characters, — ^Insoluble  in  potassa,  but  slowly  dissolve  in 
dilute  nitric  or  muriatic  acid,  or  in  the  acetic  but  not  in  the  sulphuric, 

*  In  160  calciiH,  Mr.  Brande  found  uric  acid, and  in  16 it  was  pure  or  nearly  so;  it 
was  found  in  the  greater  number  of  500,  examined  b^  Fourcroy  and  Vauqueun,  and 
of  300,  examined  by  Dr.  Pearson,  and  all  those  examined  by  Scheele  were  composed 
of  uric  acid  alone.  Dr.  Henry  found  10  out  of  26  to  be  of  this  sort,  exclusive  of 
the  alternating  kind.  f  Dr.  Prout.  \  Phil.  Trans.  1829,  p.  74. 
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of  sp.  gr.  ]  .020 ;  it  is  precipitated  unchanged  by  alkalies.  The 
evaporated  muriatic  solution  yields  crystals  which  unite  at  angles  of 
60^  and  120^  :  when  the  acid  has  withdrawn  the  phosphate  of  limei 
a  gelatinous  matter  is  left  in  the  form  of  a  membrane.  Before  the 
blowpipe,  this  calculus  blackens  and  then  bleaches,  and  in  a  high  heat, 
it  ultimately  melts.  It  is  rare  to  meet  wkh  a  calculus  of  pure  phos- 
phate of  lime. 
m.  Calculi  composed  chiefly  of  phosphate  of  ammonia  akd 

MAGNESIA. 

Physical  characters — Rarely  pure^*  and  generally  contain  phos- 
phate of  lime,  sometimes  voided  in  the  form  of  a  wnite  sand,  com- 
posed of  small  shining  crysta]s,f  and  often  such  crvstals  are  found  be- 
tween the  layers  of  other  calculi,  or  on  their  outside ;  between  the  la- 
minae of  this  calculus  the  same  sparkling  crystals  are  frequent.  It  of- 
ten forms  alternating  layers  with  phosphate  of  lime,  and  with  uric  acid, 
and  sometimes  it  becomes  a  nucleus  for  the  latter.  Color  white,  gen- 
erally very  pure;  friable  between  th^  fingers ;  the  powder  is  sweetish. 

Chemical  characters. — Soluble  m  cold  acetic  acid,  and  still  more 
so  in  the  stronger  acids,  which,  on  the  addition  of  ammonia,  yield  it 
again  unchanged.  Water  at  212^  dissolves  rV  of  the  calculus,  and 
on  cooling,  the  matter  falls  in  shining  crystals.  Potassa  and  soda 
evolve  ammonia  but  without  dissolving  the  calculus.  By  the  blow- 
pipe it  blackens,- ammonia  is  exhaled  and  a  white  powder  remains  of 
very  difficult  fusion,  unless  there  is  also  phosphate  of  lime  present,  when 
a  small  fragment  readily  melts,  the  two  phosphates  acting  as  fluxes  to 
each  other ;  it  is  called  the  fusible  calculus^  and  weak  acids  dissolve  out 
of  it  the  phosphate  of  ammonia  and  magnesia,  leaving  the  phos- 
phate of  lime,  and  thus  an  approximation  is  made  to  their  proportions; 
if  the  uric  acid  is  present,  it  will  be  left,  and  may  be  dissolved  in  a. 
caustic  alkali. 

Miscellaneous  remarks. — Calculi  of  this  kind  are  frequent,  and  at- 
tain a  greater  size  than  those  of  uric  acid ;  in  one  or  two  cases,  they 
have  been  known  even  to  fill  the  bladder.^  The  triple  phosphate  is 
readily  deposited  from  putrescent  urine,  and  from  that  which  is  healthy, 
when  it  touches  a  foreign  body ;  hence  drains  for  urine  are  often 
mudded  with  its  crystals,  and  it  soon  concretes  around  any  extrane- 
ous body  in  the  bladder,  or  on  the  inner  coat  of  that  organ,  if  diseased. 

rV.  Calculi  composed  chiefly  of  carbonate  of  lime. 

These  are  very  rare  ^  are  small,  white  and  friable,  and  the  parts 
have  been  found  cemented  by  animal  mucus ;  in  those  cases  they  had 
nearly  the  color  of  the  mulberry  calculus.^ 

*  Mr.  Brande  had  some  years  since,  seen  but  two  that  were  pure  ;  they  were  ex- 
ternally crystallized, 
t  It  then  forms  the  white  gravel  as  uric  acid  does  the  red  gravel. 
4  Phil.  Trans.  1809,  p.  803.       §  Dr.  Henry  quoting  the  Mcdico-Cbir.  Trans,  xi.  14. 
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BiiJART  Ain>  Saliyart  CoNCBXTiOMs. — ^It  1hi8  already  bea 
stated,  that  biliary  concretions  consist  principally  of  the  peculiar  Cut? 
matter,  called  chloresterine  and  inspissated  bile.  In  salivary  concre- 
tions, as  far  as  they  have  been  examined,  carbonate  of  lime  prevaSs, 
with  some  phosphate  of  lime  and  animal  matter,  and  occasioiialif 
with  phosphate  of  magnesia. 

SPONTAKfiOUS   DECOMPOSITION. PUTREFACTION. 

1.  Cf  vegetable  tubttances. — ^The  few  remarks  necessary  to  be 
made  upon  vegetable  decomposition  were  reserved  for  this  place,  as 
the  causes  of  both  vegetable  and  animal  decomposition  are,  in  a  cqd- 
aiderable  degree,  similar.  Minerals  may,  in  some  cases,  sufier  spon- 
taneous decomposition,  but  they  cannot  undergo  the  putrefactive  ier- 
mentatbn,  and  it  happens  to  plants  and  animals  only  after  they  are 
deprived  of  life  ;*  a  certain  degree  of  heat  and  moisture,  aided  gen- 
erally by  air,  being  the  great  agents  in  both  cases ;  a  temperature  be- 
tween 60^  and  100^  is  the  most  favorable;  at  32^,  the  process  is 
entirely  arrested,  and  it  does  not  commence,  if  the  organic  bodies  are 
in  a  state  of  perfect  desiccation. 

Vegetables  rarely  undergo  a  decomposition  strictly  putrefactive ; 
the  aiotieed  vegetables  are,  of  course,  excepted  from  this  remark ; 
for,  as  has  been  several  times  observed,  they  putrefy  with  animal 
effluvia,  and  form  products  very  similar  to  those  of  animal  bodies. 
When  they  are  not  azotized,  they  ore  however,  under  favorable  fat- 
eumstances,  spontaneously  decomposed,  and  the  process  is  nx>st  apt 
to  commence  and  proceed  when  they  are  accumulated  in  a  moist 
state.  If  immersed  in  water  or  otherwise  secluded  from  the  air,  the 
gas  exhaled  is  chiefly  carburetted  hydrogen ;  if  the  air  has  access, 
cartK>nic  acid  is  more  abundantly  produced ;  those  vegetable  sab- 
stances  in  which  the  oxygen  and  hydrogen  are  in  the  proportions  to 
form  water,  are  particularly  prone  to  decomposition ;  those  in  which 
oxygen  prevails,  as  tlie  acids,  and  those  in  which  carbon  and  hydro- 
gen are  predominant,  as  the  resins,  oils  and  alcohol  do  not  putrefy. 
The  odor  of  putrefying  or  decomposing  vegetables,  especially  whoi 
•in  hrge  quantity,  is  offensive  and  doubtless  noxious^  although  we  cai>- 
BOt  designate  with  precision,  the  immediate  agent  in  any  of  the  varie- 
ties of  malaria.  The  ultimate  decomposition  of  vegeubles  exhales 
into  the  air  most  of  the  hydrogenous  portions,  and  no  small^are  of  the 
oxygen  and  carbon  assume  an  aerial  state  and  passes  off  in  gas  or  va- 
por; the  carbon  lingers  longer  than  eidier  of  the  other  vegetable  ele- 
ments, and  mingling  with  the  soil,  contributes  to  ibrm  the  dark  vege- 
table mould  from  which  however  it  may,  by  constant  access  of  oxy- 


*  A  pftrticular  Mil,  m  is  weH  known,  may  sufler  this  change,  in  a  greater  or  Itm 
degree,  without  being  severed  from  its  natural  connexion. 
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gen  in  the  air,  aided  by  a  proper  temperature,  escape  in  the  form  of 
carbonic  acid  or  oxide,  and  ultimately  nothing  of  the  plants  may  re- 
main in  the  soil  except  the  fixed  alkalies,  the 'earths  and  the  metals. 
We  do  not  here  advert  to  those  peculiar  geological  circumstances  in 
"which,  under  the  pressure  of  superincumbent  masses,  and  in  seclusion 
from  the  air,  accumulated  vegetables  may  be  so  decomposed  and  mod- 
ified, as  to  retain  most  of  their  principles,  and  to  assume,  in  one  case, 
the  form  of  lignite,  and  in  another,  that  of  coal  and  other  varieties  of 
bituminous  matter.  It  is  unnecessary  to  enlarge  farther  upon  this 
topic,  most  parts  of  which  are  foreign  from  the  object  of  this  work. 

2.  Of  animal  substances. — ^In  the  remarks  introductory  to  animal 
substances,  and  in  the  history  of  their  proximate  principles,  nearly 
every  thing  important,  in  relation  to  this  subject,  has  been  already 
stated.  Animal  bodies  are  in  general  extremely  prone  to  putrefac- 
tion, and  although  this  change  will  happen  without  air,  it  is  acceler- 
ated by  its  presence. 

It  is  scarcely  necessary  to  name  the  insupportable  odor  of  the  aeri- 
al exhalations  from  animal  putrefaction,  and  which,  although  in  gen- 
eral less  noxious  to  health  than  the  less  obvious  effluvia  of  vegeta- 
bles, are  sometimes  instantly  fatal,  especially  when  concentrated'.* 
Chiorine  is  however  a  perfect  antidote,  provided  it  is  seasonably  and 
properly  applied. 

The  preservation  of  organic,  and  especially  of  animal  matter,  by 
smoke,  by  salts,  acids,  alcohol,  and  sugar,  has  been  attributed  to 
their  abstracting  water,  and  although  this  is  probably  only  a  part  of 
their  agency,  that  theory  derives  support  from  the  fact  that  animal 
substances,  in  perfect  desiccation,  do  not  suffer  any  change  for  years, 
and  sometimes  for  cenmries.  Mummies,  although  filled  with  anti- 
septics, are  also  made  very  dry,  and  are  kept  secluded  from  the 
air;  bodies  are  preserved  in  the  dry  sands  of  Africa;  and  in  some 
earths,  on  account  of  their  natural  saline  impregnations,  the  corpses 
do  not  putrefy;  this  is  the  fact  in  some  peat  mosses,  owing  to  the 
antiseptic  properties  of  the  fluids.f  Cold  alone  is  an  absolute  pre- 
ventive of  animal  putrefaction;  it  does  not  begin,  at  the  freezing  tem- 
perature, even  after  ages  have  passed,  as  is  sufficiently  evident  from 
the  perfectly  sound  condition  ol  the  frozen  elephant  and  rhinoceros, 
found  in  the  ice  in  the  high  banks  of  Siberia,  near  the  northern  ocean, 
where  they  must  have  been  deposited  when  the  country,  after  being 
first  deluged,  was  immediately  after  subjected  to  the  rigors  of  an  arc- 
tic winter. 

*  As  happened  to  mom  of  the  peraons  concerned  in  removing  the  dead  bodies  from 
the  burial  gpronnd  of  the  Innocents  at  Paris,  and  the  like  fatal  result  has  too  often 
attended  the  cleanshifl:  of  the  sewers  of  the  Same  city,  the  efflaria  from  which  may 
be  presumed  to  have  been  chiefly  animal. 

f  Bodies  of  the  North  American  at)origines  have  been  finuid  in  the  nitraus  lime- 
stone caves  of  the  west;  although  shrivelled,  they  were  in  perfect  preservation, but 
had  no  appearance  of  having  been  embalmed. 
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BiUART  AND  Salitart  CoKCRimoNS. — ^It  bas  already  been 
stated,  that  biliary  concretions  consist  principally  of  tbe  peculiar  iatty 
matter,  called  chloresterine  and  inspissated  bile.  In  salivary  concre- 
tions, as  far  as  they  have  been  examined,  carbonate  of  lime  prevails, 
v^ith  some  phosphate  of  lime  and  animal  matter,  and  occasionally 
with  phosphate  of  magnesia. 

SPONTANEOUS  DECOMPOSITION. PUTBEPACTION. 

1.  Of  vegetable  sub$(ances.'--'The  few  remarks  necessary  to  be 
made  upon  vegetable  decomposition  were  reserved  for  this  place,  as 
the  causes  of  both  vegetable  and  animal  decomposition  are,  in  a  con- 
siderable degree,  similar.  Minerals  may,  in  some  cases,  suffer  spon- 
taneous decomposition,  but  they  cannot  undergo  the  putrefactive  fer^ 
mentation,  and  it  happens  to  plants  and  animals  only  after  they  are 
deprived  of  life  ;*  a  certain  degree  of  heat  and  moisture,  aided  gen- 
erally by  air,  being  the  great  agents  in  both  cases ;  a  temperature  be- 
tween 60^  and  100^  is  the  most  favorable ;  at  32^,  the  process  is 
entirely  arrested,  and  it  does  not  commence,  if  the  organic  bodies  are 
in  a  state  of  perfect  desiccation. 

Vegetables  rarely  undergo  a  decomposition  strictly  putrefactive ; 
the  azotised  vegetables  are,  of  course,  excepted  from  this  remark ; 
for,  as  has  been  several  times  observed^  they  putrefy  with  aninnal 
efBuvia,  and  form  products  very  similar  to  those  of  animal  bodies. 
When  they  are  not  azotized,  they  are  however,  under  favorable  cir- 
eumstances,  spontaneously  decomposed,  and  the  process  is  most  apt 
to  commence  and  proceed  when  they  are  accumulated  in  a  moist 
state.  If  immersed  in  water  or  otherwise  secluded  from  the  air,  the 
gas  exhaled  is  chiefly  carburetted  hydrogen ;  if  the  air  has  access, 
cartx>nic  acid  is  more  abundantly  produced  ;  those  vegetable  sub- 
stances in  which  the  oxygen  and  hydrogen  are  in  the  proportions  to 
form  water,  are  particularly  prone  to  decomposition ;  those  in  which 
oxygen  prevails,  as  the  acids,  and  those  in  which  carbon  and  hydro- 
gen are  predominant,  as  the  resins,  oils  and  alcohol  do  not  putrefy. 
The  odor  of  putrefying  or  decomposing  vegetables,  especially  when 
•in  large  quantity,  is  offensive  and  doubtless  noxious^  although  we  can- 
not designate  with  precision,  the  immediate  agent  in  any  of  the  varie- 
ties of  malaria.  The  ultimate  decomposition  of  vegetables  exhales 
into  the  air  most  of  the  hydrogenous  portions,  and  no  small  share  of  the 
oxygen  and  carbon  assume  an  aerial  state  and  passes  off  in  gas  or  va- 
por; the  carbon  lingers  longer  than  either  of  the  other  vegetable  ele- 
ments, and  mingling  with  the  soil,  contributes  to  ibrm  the  dark  vege- 
table mould  from  which  however  it  may,  by  constant  access  of  oxy- 


*  A  particular  part,  as  is  well  known,  may  suffer  this  change,  in  a  greater  or  lesa 
degree,  without  being  severed  from  its  natural  connexion. 
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gen  in  the  air,  aided  by  a  proper  temperature,  escape  in  the  form  of 
carbonic  acid  or  oxide,  and  ultimately  nothing  of  the  plants  may  re- 
main in  the  soil  except  the  fixed  alkalies,  the  ^earths  and  the  metala. 
We  do  not  here  advert  to  those  peculiar  geological  circumstances  in 
which,  under  the  pressure  of  superincumbent  masses,  and  in  seclusion 
from  the  air,  accumulated  vegetables  may  be  so  decomposed  and  mod- 
ified, as  to  retain  most  of  their  principles,  and  to  assume,  in  one  case, 
the  form  of  lignite,  and  in  another,  that  of  coal  and  other  varieties  of 
bituminous  matter.  It  is  unnecessary  to  enlarge  farther  upon  this 
topic,  most  parts  of  which  are  foreign  from  the  object  of  this  work. 

2.  Of  animal  svbstances, — ^In  the  remarks  introductory  to  animal 
substances,  and  in  the  history  of  their  proximate  principles,  nearly 
every  thing  important,  in  relation  to  this  subject,  has  been  already 
stated.  Animal  bodies  are  in  general  extremely  prone  to  putrefac- 
tion, and  although  diis  change  will  happen  without  air,  it  is  acceler- 
ated by  its  presence. 

It  is  scarcely  necessary  to  name  the  insupportable  odor  of  the  aeri- 
al exhalations  from  animal  putrefaction,  and  which,  although  in  gen- 
eral less  noxious  to  health  than  the  less  obvious  effluvia  of  vegeta- 
tes, are  sometimes  instantly  fatal,  especially  when  concentrated'.* 
Chlorine  is  however  a  perfect  antidote,  provided  it  is  seasonably  and 
properly  applied. 

The  preservation  of  organic,  and  especially  of  animal  matter,  by 
smoke,  by  salts,  acids,  alcohol,  and  sugar,  has  been  attributed  to 
their  abstracting  water,  and  although  this  is  probably  only  a  part  of 
their  agency,  that  theory  derives  support  from  the  fact  that  animal 
substances,  in  perfect  desiccation,  do  not  suffer  any  change  for  years, 
and  sometimes  for  centuries.  Mummies,  although  filled  with  anti- 
septics, are  also  made  very  dry,  and  are  kept  secluded  from  the 
air;  bodies  are  preserved  in  the  dry  sands  of  Africa;  and  in  some 
earths,  on  account  of  their  natural  saline  impregnations,  the  corpses 
do  not  putrefy;  this  is  the  fact  in  some  peat  mosses,  owing  to  the 
antiseptic  properties  of  the  flnids.f  Cold  alone  is  an  absolute  pre- 
ventive of  animal  putrefaction ;  it  does  not  begin,  at  the  freesdng  tem- 
perature, even  after  ages  have  passed,  as  is  sufficiently  evident  from 
the  perfectly  sound  condition  ot  the  frozen  elephant  and  rhinoceros, 
found  in  the  ice  in  the  high  banks  of  Siberia,  near  the  northern  ocean, 
where  they  must  have  been  deposited  when  the  country,  after  being 
first  deluged,  was  immediately  after  subjected  to  the  rigors  of  an  arc- 
tic winter. 

*  As  happened  to  mom  of  the  petvoiii  concerned  In  removing  the  dead  bodies  from 
the  bona]  groiind  of  the  Innoeenti  at  Paris,  and  the  like  fatal  result  has  too  often 
attended  the  cleansins:  of  Uie  sewers  of  the  same  city,  the  effluria  from  which  may 
be  presumed  to  have  been  chiefly  animal. 

t  Bodies  of  the  North  American  aborigines  have  been  foand  in  the  nitraos  lime- 
stone caves  of  the  west;  although  shrivelled,  they  were  in  perfect  preservation,  but 
had  no  appearance  of  having  been  embalmed. 
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Animal  as  well  as  vegetable  j)utrefaction  causes  the  dissipation  of 
a  large  part  of  the  matter  in  aerial  forms,  and  the  remainder,  con- 
taining the  more  fixed  parts,*  crumbles  down  and  mingles  with  the 
soil.  Thus  both  plants  and  animal  either  return  to  the  bosom  of  the 
earth  and  the  waters,  or  mingle  with  the  atmosphere ;  and  b  both 
these  modes  they  are  prepared  again  to  afford  tneir  elements,  either 
as  materials  or  as  food  to  new  races  of  organized  beings,  destined  bj 
the  unalterable  laws  of  the  creator,  to  travel  anew  the  same  round  of 
renovatbn  and  destruction. 

GALVANISM. 

Remarks. — ^This  science  treats  of  various  and  highly  interesting 
phenomena  produced  by  certain  arrangements,  connexions  and  re- 
actions of  matter,  and  now  designated  by  the  word  Galvanism,  in 
honor  of  Prof.  Galvani,  who,  by  observing  certain  muscular  contrae- 
tions,f  produced  by  electric  excitement,  laid  the  foundations  of  the 
science.  Electricity,  heat,  light,  and  magnetism,  are  more  or  less 
concerned,  and  most  of  the  facts  necessary  to  render  the  subject  of 
Galvanism  intelligible  have  been  either  premised  in  the  present  work, 
or  are  well  known.  In  accordance  however,  with  the  custom  of  au- 
thors, a  few  leading  facts  and  principles  in  relation  to  electricity  may 
be  advantageously  stated^  by  way  of  introduction  to  that  which  coo- 
stitutes  more  appropriately  the  province  of  Galvanism. 

fiLECTiiiciTY  as  connected  tinth  galvanism. 

Electricity  is  a  power  or  an  influence,  every  where  diffused,  and 
which  exists  apparently  in  all  bodies ;  it  is  imponderable ;  invisible 
except  when  excited;  like  light  and  caloric,  it  is  self  repeDent;  it  also 
endows  other  bodies  with  attraction,  and  with  apparent  repulsion ;  its 
materiality  is  not  proved,  but  is  generally  admitted ;  its  name  is  derived 
from  the  Greek  tjXsxrpov,  (amber,)  by  the  friction  of  which  it  was  evolv- 
ed by  the  ancients.  It  was  noticed  by  Theophrastus,  A.  C.  300,  by 
whom  the  lyncurium,  supposed  to  be  the  tourmalin,  is  also  named 
as  attracting  light  bodies.  No  farther  mention  of  electricity  is  found 
imtil  it  is  noticed  again  in  1600,  by  Wm.  Gilbert,  an  CngUsh  physi- 
cian, in  his  treatise  de  magnete.  He  discovered  that  several  other 
bodies  may  be  rendered  magnetical,  and  a  number  of  electrical  ex- 
periments are  described  in  his  work. 


*  The  proper  osseous  part  of  the  animal  skeleton,  being  in  its  composition  assiml« 
lated  to  mineral  matter,  is  oflen  very  permanent,  and,  especially  in  the  larger  and 
firmer  animals^  it  remains  long  unchanged  even  in  sepulture ;  when  dried  and  se- 
cluded from  injury,  bones  are  as  permanent  as  many  minerals.  This  is  the  fact  partica- 
larly  when  they  are  imbedded  in  the  rocky  strata,  and  where,  whether  mineraliied 
or  not,  they  are  thus  preserved  from  the  Influence  of  external  agents. 

f  See  a  more  particular  notice  of  the  fact,  p.  691. 
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plate  is  used  to  touch  the  zbc  plate,  there  is  do  efiecti  which  {Nrove, 
that  it  is  o'^ing  to  diversity.  He  has  found  also  that  twelve  plates  of 
copper  alternating  with  twelve  of  zinc,  and  divided  into  pairs  hj 
pieces  of  paper,  will  affect  a  single  leaf  electrometer. 

(6.)  Zinc,  iron,  tin,  lead,  copper,  silver,  gold,  platinum  and  char^ 
coal,  are  electrified  by  contact,  so  that,  in  eacn  instance,  the  preceding 
body  is  positive,  with  respect  to  the  succeeding,  which  b  negative. 

(c.)  Zinc  filings  poured  through  holes  in  a  copper  {)late  are  made 
positive,  and  falling  on  a  common  electrometer  afiect  it ;  copper  fil- 
ings produce  a  simiilar  effect. 

(d.^  Crystals  of  dry  oxalic  acid,  touched  by  quick  lime,  become 
negative,  and  the  lime  positive.  T^e  acid  crystals,  by  contact  with  a 
plate  of  metal,  generally  render  it  positive.  Acids  are  negative 
with  respect  to  alkalies,  metals,  and  earths,  as  may  be  evinced 
by  contact.     Metals  are  positive  with  respect  to  acids. 

(e.^  Bodies  which  show  electrical  effects  immediately  after  con- 
tact, lose  this  power  by  combination ;  thus  polished  zinc  by  contacts 
with  dry  mercury,  becomes  positive,  but  ceases  to  be  electrical  after 
bemg  heated  so  as  to  combine ;  the  same  is  the  fact  with  copper  and 
sulphur. — Davy. 

1.  ^anrdecirics  or  Conductors  of  Electricity. 

1.  All  the  knoum  metals;  the  best  conductors  among  the  metals, 
are  copper,  silver,  gold,  and  iron,  but  aU  of  them  have  a  conducting 
power  vastly  greater  than  that  of  water. 

Well  burnt  charcoal,  whether  solid  or  in  powder,  soot  and  lamp- 
black; plumbago;  concentrated  acids;  diluted  acids  and  saline 
fluids;  metallic  oxides  and  ores;  animal  fluids;  water;  ice  and 
snow,  above  — 13^  F. ;  living  vegetables  and  animals ;  flame,  smoke, 
steam,  vapor  and  humid  gases ;  most  saline  substances ;  rarefied  air ; 
most  earths  and  stones. 

2.  Some  of  the  above  substanees  are  found  either  among  conduct- 
ors or  non-conductors,  as  they  are  moist  or  dry ;  and  the  conducting 
power  of  some  of  them  varies  with  the  temperature ;  thus,  hot  wa- 
ter and  hot  charcoal  conduct  better  than  cold. 

Electrics  or  Nonconductors. 

1.  Shell  lac,  amber,  and  resins  generally;  lycopodium;  sulphur, 
wax,  jet ;  camphor,  elastic  gum ;  glass,  and  all  vitrifications ;  talc ; 
diamond,  and  all  transparent  gems ;  silk,  whether  raw,  bleached  or 
dyed ;  wool,  hair,  feathers ;  dry  paper,  parchment,  leather ;  air,  and 
all  dry  gases ;  baked  wood,  dry  vegetable  substances ;  porcelain,  dry 
marble ;  massive  minerals,  not  metallic ;  dry  chalk,  lime,  phosphonis ; 
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ice,*  at  — 13^  of  F. ;  many  transparent  crystals,  when  pcrfecdjir; 
ashes  of  animal  and  vegetable  bodies ;  oils,  the  heaviest  appararif 
the  best ;  dry  metallic  oxides. 

2.  Moisture  tvms  the  most  perfect  nonrconductors  into  coniwdm, 

3.  Resins,  raw  silk  and  Muscovy  talc,  (mica,)  are  least  prone  to 
attract  moisture;  glass  is  moistened  only  superficially,  and  thbisp 
vented  by  covering  it  with  varnish  or  sealing  wax. 

4.  HecU  causes  many  non-conductors  to  become  canductorsj  as^ 
resin,  wax ;  the  hottest  air  does  not  conduct,  unless  there  is  isat 
with  it. 

5.  Paper,  flannel,  parchment,  leather,  and  other  porous  and  fibnn 
substances,  must  be  aried  or  they  are  not  electrics. 

6.  Moist  wood  conducts,  baked  wood  does  not ;  charcoal  doe^ 
but  the  ashes  and  gases  formed  from  its  combustion  do  not. 

ELECTRIC    1»0LARITT — KINDS   OF   BLECTBICITT MODES  Of 

MEASURING   BOTH   KIND   AND   DEGREE. 

1 .  Attraction  is  ihe  most  striking  power  shown  by  eUetr^udboSa. 

2.  Either  excited  glass,  or  excited  sealing  wax  or  other  resiD,iril 
separately,  attract  light  bodies,  as  down,  cotton  and  silk  fibres,  or  a  as- 
pended  pith  ball  or  Cork;  but  apparent  repulsicm  ininiediately  foIIovS) 
and  attraction  will  not  be  renewed  until  the  body  has  be^  a^ 
touched  by  a  conductor ;  the  cork,  for  instance,  in  the  state  in  whii 
it  was  repelled  by  the  glass,  is  atuacted  by  the  sealing  wax;  andb 
the  state  in  which  it  is  repelled  by  the  sealing  wax,  it  is  attracted  bf 
the  glass,  and  so  of  the  other  bodies. 

3.  These  phenomena^  on  the  hypothesis  of  Du  Fay,  have  hen  «• 
puied  to  two  distinct  kinds  of  electricity ^  called  the  vitreous  and  de 
resinous  J  and  this  view  is  generally  adopted  on  the  continent  (J  ^ 
rope,  while  that  of  Dr,  Franklin^  which  attributed  the  appeamx& 
to  one  fluids  in  the  form  of  what  he  called  positive  and  negatke  eb^ 
tricity^  that  is  to  say,  an  alternate  accumulation  and  deficiency  of  the 

gawer,  has  been  more  generally  received  in  Britain  and  in  the  United 
tates;  of  late,  however,  the  dieory  of  two  electricities  appears  to  6e 
gaining  ground  in  Britain  and  in  America.  It  is  not  necessary  to  dis- 
cuss the  merits  of  either  in  this  place.  The  Franklinian  hypothesutf 
the  most  simple^  and  the  terms  positive  and  negative  are  so  easily  trans- 
lated into  the  correspondent  ones,  vitreous  and  resinous,  of  the  o^ 
theory,  that  Dr.  Thomson,  in  his  late  work  on  heat  and  electricitf) 
adopts  the  Franklinian  terms,  although  he  prefers  the  other  bypotbfi- 


**  At  which  temperatara  electric  sparks  are  said  to  have  beea  obtamed  from  ^  ^ 
frictioo. 
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sis.*  I  shall  use  the  FraDkliniaD  terms  and  explanations,  and  leave 
the  reader  to  choose  his  own  hypothesis. 

4.  When  bodies  are  electrieaUy  excUedy  the  two  states  of  positive 
<ind  negative  dectridty  are  always  co-existent^  either  in  the  same  or 
in  contiguous  bodies* 

•5.  Various  instruments  have  been  invented  to  measure  both  the 
kind  and  degree  of  electric  excitement. 

6.-  The  most  common  is  the  gold  leaf  electrometer  and  the  quad- 
rant electrometer,  but  two  straws  or  fibres  of  almost  any  kind,  or  two 
pith  balls,  will  answer  every  common  purpose ;  they  all  operate  upon 
the  principle  that  bodies  similarly  electrified  repdy  and  differently  eke- 
trifiedy  attract  each  other.  Here,  as  well  as  in  the  early  part  of  this 
work,  (Vol.  I,  p.  138,)  the  word  repulsion  is  used  as  it  is  generally 
received,  aldiough  it  is  mamtamed  that  the  phenomena  may  be  solved 
as  well  by  the  admission  of  attraction  alone,f  either  for  tne  ambient 
air  or  for  other  bodies,  for  even  a  vacuum  is  surrounded  by  matter, 
from  and  towards  which  an  attraction  may  be  exerted. 

7.  Condensmg  electrometers  have  been  invented,  for  measuring 
very  small  quantities  of  electricity,  and  the  torsion  balance  of  Mr. 
Ooulomb  is  extremely  sensitive.]; 

8.  The  leaves  of  an  electrometer ^  which  have  been  made  to  diverge 
by  excited  sealing  waxj  wiU  coUapse  if  excited  glass  be  applied;  if 
both  are  applied  at  once,  and  their  energy  is  equal,  no  effect  will  be 
produced.  ^ 

9.  Excited  glass  is  usually  positive,  excited  sealing  wax  is  nega* 
tive ;  those  bodies  therefore  which,  when  excited,  cause  the  leaves 
which  have  diverged  irom  the  contact  of  excited  glass  to  diverge 
more,  are  positive ;  if  to  collapse,  negative,  and  vice  versa. 

10.  Warm  and  dry  flannel,  in  a  roll,  rubbed  over  sealing  wax,  will 
cause  the  leaves  of  the  electrometer  to  diverge ;  if  the  sealing  wax 
be  then  applied,  they  will  collapse ;  the  flannel  therefore  was  posi- 
tive and  the  wax  negative ;  if  applied  both  at  once,  in  their  excited 
state,  no  effect  is  produced. 

11.  J%e  same  substance  may  be  rendered  positive  or  negative  by 
friction  with  different  bodies;  'polished  glass,  by  friction  with  silk, 
skb,  wool,  or  metal,  is  positive,  but  the  back  of  a  living  cat  renders 
it  negative,  and  is  the  only  substance  known  to  produce  that  effect. 

12.  The  divergent  leaves  of  an  electrometer  will  continue  diverg- 
ent, if  the  cap  be  touched  with  a  non-conductor  in  its  natural  state ; 
if  with  a  conductor,  they  will  collapse. 

« 

*  See  Dr.  Hare's  discuaiion  of  the  two  theories,  Am.  Joar.  Yol.  tU,  p.  108. 
t  Those  who  wish  to  see  the  arguments  for  the  contrary  opinion,,  can  oonmilt  Dr. 
Thomson's  late  work  on  Heat  and  Electricity,  chap,  yi,  p.  4&. 
t  See  the  books  on  Electricity,  particularly  that  of  Dr.  Thomson. 
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ice,*  at  — 13^  of  F-;  many  transparent  crystals,  when  perfectly  dry  ; 
ashes  of  animal  and  vegetable  bodies ;  oils,  the  heaviest  apparently 
the  best ;  dry  metallic  oxides. 

2.  Moisture  turns  the  most  perfect  non-conductors  into  conductors. 

3.  Resins,  raw  silk  and  Muscovy  talc,  (mica,)  are  least  prooe  to 
attract  moisture ;  glass  is  moistened  only  superficially,  and  this  is  pre^ 
vented  by  covering  it  with  varnish  or  sealing  wax* 

4.  Heat  causes  many  non-conductors  to  become  condueiorSj  asghss, 
resin,  wax ;  the  hottest  air  does  not  conduct,  unless  there  is  flame 
with  it. 

5.  Paper,  flannel,  parchment,  leather,  and  other  porous  and  fibrous 
substances,  must  be  dried  or  they  are  not  electrics. 

6.  Moist  wood  conducts,  baked  wood  does  not ;  charcoal  does^ 
but  the  ashes  and  gases  formed  from  its  combustion  do  not. 

ELECTRIC    1»0LARITT KINDS    OF    ELECTRICITT MODES    OW 

MEASURING    BOTH    KIND    AND   DEGREE. 

1  •  Attraction  is  the  most  striking  power  shown  by  electrified  bodies. 

2.  Either  excited  glass,  or  excited  sealing  wax  or  other  resin,  wil 
separately,  attri^ct  light  bodies,  as  down,  cotton  and  silk  fibres,  or  a  sus- 
pended pith  ball  or  Cork ;  but  apparent  repulsion  immediately  foQows» 
and  attraction  will  not  be  renewed  until  the  body  has  been  again 
touched  by  a  conductor ;  the  cork,  for  instance,  in  the  state  in  which 
it  was  repelled  by  the  glass,  is  attracted  by  the  sealing  wax ;  and  in 
the  state  in  which  it  is  repelled  by  the  sealing  wax,  it  is  attracted  by 
the  glass,  and  so  of  the  odier  bodies. 

3.  These  phenomena^  on  the  hypothesis  of  Du  Fay,  have  been  uf^ 
puied  to  two  distinct  kinds  of  electricity^  catted  the  vitreous  and  the 
resinousy  and  this  view  is  generally  adopted  on  the  continent  of  Eu- 
rope, while  that  of  Dr.  Franklin^  which  attributed  the  appearances 
to  one  fluids  in  the  form  of  what  he  called  positive  and  negative  dee- 
triciiy^  that  is  to  say,  an  alternate  accumulation  and  deficiency  of  this 
power,  has  been  more  generally  received  in  Britain  and  in  the  United 
otates ;  of  late,  however,  the  theory  of  two  electricities  appears  to  be 
gaining  ground  in  Britain  and  in  America.  It  is  not  necessary  to  dis- 
cuss the  merits  of  either  in  this  place.  The  Franklinian  hypothesis  is 
the  most  simple^  and  the  terms  positive  and  negative  are  so  easily  trans- 
lated into  the  correspondent  ones,  vitreous  and  resinous,  of  the  other 
theory,  that  Dr.  Thomson,  in  his  late  work  on  heat  and  electricity^ 
adopts  the  Franklinian  terms,  although  he  prefers  the  other  hypothe- 


**  At  which  temperature  electric  sparka  are  said  to  have  been  obtained  from  H  by 
friction. 


ELECTRICITY.  629 

CHEMICAL   EFFECTS   OF    ELECTRICITY. 

It  does  not  appear  to  produce  much  heat  in  passing  through  very 
perfect  conductors y  of  such  a  size  that  it  is  not  accumulated  in  them. 

But  when  the  ball  of  a  tliermometer  was  placed  in  an  electrical 
stream,  whether  in  the  air  or  in  vacuo,  the  mercury  rose  80^  or  100^ 
of  F.*  So,  a  similar  effect  follows  when  the  electric  spark  passes 
between  two  oppositely  electrified  balls  of  wood. 

A  concentrated  charge,  with  a  proper  arrangement,  will  also  set 
fire  to  ether,  alcoliol,  gunpowder,  fulminating  metals,  resin,  phospho- 
rus, &;c. 

FCSION   AND   COMBUSTION   OF   METALS,  SkC. 

1.  Leaves  and  wires  of  the  metals  are  ignited^  melted  and  iissi- 
paied  in  globules  or  in  smoke,  arising  from  the  actual  combustion  or 
minute  division  of  the  metal. 

Ajar  of  190  square  inches  of  coated  surface,  if  properly  managed, 
will  fuse  eight  inches  of  watch  pendulum  wire.  Cuthbertson's  bat- 
teries of  15  jars  will  fuse  60  inches  of  iron  wire  of  jj^  of  an  inch  in 
diameter,  and  Mr.  Singer  melted  18  feet  of  tliis  wire,  at  once,  with 
40  feet  of  surface. 

2.  The  fusion  of  wire  is  even  a  test  of  the  quantity  of  electricity ; 
for  a  given  quantity  of  this  power,  whether  concentrated  in  a  smaller 
or  extended  over  a  larger  coated  surface,  will  fuse  the  same  quantity 
of  wire. 

Van  Marum,  with  the  highest  charge  of  a  battery  of  135  square 
feet,  melted  180  inches  of  iron  wire  of  Tj^th  of  an  inch  in  diameter, 
or  6  inches  of  wire  ^Vth  of  an  inch  in  diameter ;  350  feet  of  coated 
surface  melted  25  inches  of  the  latter  wire,  and  550  feet  melted  24 
inches  of  it;  it  also  rounded  and  partially  fused  quartz. 

3.  Metals  are  not  fusible  by  electricity  in  precisely  the  same  order 
in  which  they  melt  in  common  Jires;  for,  taking  wires  of  the  same  di- 
ameter, a  particular  quantity  of  electricity  melted  J  of  an  inch  of  sil- 
ver and  copper,  3}  of  gold,  of  iron  5,  and  of  lead  and  zinc  120. 

4.  By  powerful  discharges  also,  metals  are  actually  burned,  and 
their  oxides  may  be  made  to  stain  glass,  paper,  silk,f  &c.  Fine 
wires,  stretched  over  paper  or  lying  between  its  foldis,  will  in  this 
manner,  stain  it  very  beautifully.  | 

5.  Electricity  decomposes  metallic  oxides^  reviving  the  metals  and 
disengaging  the  oxygen;  it  also  disengages  mercury  from  cinnabar. 


"*  Murray,  quotiog  Phil.  Mag.  Vol.  viii,  p.  198. 

\  See  Singer,  p.  175.  t  See  the  plates  in  Wilkinson's  Galvanism. 
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ELECTRIC    LIGHT. 

)•  Thii  ii  often  vivid;  in  condensed  air  and  in  dense  gases j  such 
as  carboDic  acid,  it  is  white  and  brilliant;  in  rarefied  air^  ii  is  dtvi- 
ded  andfaintj  and  if  highly  rarefied,  dilute  red  or  purple. 

2.  By  means  of  an  iron  wire  sealed  into  the  top  of  a  barometer 
tube,  pass  the  electric  spark  through  etherial  or  aqueous  vapor  form- 
ed in  the  Torricellian  vacuum  ;  a  spark  which,  in  the  open  air,  would 
no|  exceed  ^  of  an  inch,  will  occupy  6  inches ;  when  strong,  it  will 
usually  be  of  a  beautiful  green.*  A  good  vacuum  is  entirely  illu- 
iQinat^  by  electricity, 

3*  Ml  the  colors  are  seen  if  the  electric  spark  is  viewed  through  a 
prisms  and  various  bodies  are  rendered  phosphorescent  with  different 
colors;  others  are  made  transparcnti  as  the  thumb,  clay,  pumice 
stone,  an  egg,  &c. 

4.  ThQ  sparks,  passing  between  two  large  balls  from  a  powerful 
machine,  will  illuminate  a  large  room,  so  that  all  the  objects  may  be 
distincdv  seen. 

5.  Electricity  passes  from  a  positively  electrified  point  in  a  brush 
of  rays  J  and  is  received  on  a  negatively  electrified  one  in  a  luminous 
point. 

ACCUMULATION  OF  ELECTRICITY. 

1.  This  is  effected  chiefly  by  the  Leyden  Phial,  and  the  battery, 
which  is  only  a  repetition  of  Leyden  Phials;  also  by  the  dectropbo- 
rus,  the  condenser  and  even  the  common  exciting  machine.f 

2.  The  principle,  in  all  these  cases  is,  that  in  proportion  as  electri- 
city is  accumulated  in  one  part,  it  recedes  from  a  contiguous  part  or 
a  contiguous  body,  and  the  discharge  is  the  restoration  of  the  equil- 
ibrium. 

MECHANICAL    EFFECTS. 


Whether  electricity  is  a  material  agent  or  not,  it  produces  the  i 
^nical  effects  of  an  elastic  fluid. 

^  Discharges  of  it  perforate  paper,  glass,  &c. ;  break  brittle  bodies,  as 
glass  and  stones,  split  fibrous  ones  as  wood,  and  give  sparks  under 
water  and  various  other  fluids,  be. 


ATMOSPHERICAL   PHENOMENA. 


All  that  belongs  to  the  mutual  relations  of  the  electricity  of  the  at- 
mosphere and  of  the  earth,  producing  thunder  and  lightning,  and  as 
some  have  supposed,  water  spouts,  aurora  borealis,  australis,  and  other 
meteoric  phenomena,  is  foreign  to  our  subject. 


*  Singer,  p.  96. 

t  For  the  description  of  these,  see  Cavallo,  Singer,  Thomson v&c. 
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ORIGINAL  OBSERVATIONS  AND  FACTS,  relating  to  the  rise  and 
progress  of  galvanism. 

1.  Sultzer,  a  German,  ui  1767,*  mentions,  that  if  two  different 
metals,  as  lead  arid  silver,  are  brought  into  contact  over  the  end  of 
the  tongue,  there  will  be  a  peculiar  sensation,  which  is  not  observed 
if  the  metals  are  applied  separately ;  this  experiment  is  best  perform- 
ed with  silver  and  zinc ;  one  of  the  pieces  may  be  held  between  the 
upper  lip  and  the  front  teeth,  and  the  other  laid  beneath  the  tongue 
and  projecting  over  the  under  teeth ;  thus  they  are  easily  brought 
into  contact  and  separated,  and  at  each  contact  the  taste  is  perceived^ 
and  with  many  persons  also,  a  mild  flash  of  light. 

2.  Dr.  Cotugno,  of  Naples,  in  March  1784,  having,  for  the  purpose 
of  dissection,  pierced  a  living  mouse  with  his  knife,  the  animal  was 
convulsed  and  the  doctor  felt  a  shock  through  the  left  arm,  with  pain 
in  the  muscles  as  far  as  the  neck,  and  bternal  tremor  and  giddiness^ 
the  arm  was  affected  for  15  minutes.f 

3.  The  signal  observation  of  Prof.  Galvanic  which  has  perpetuated 
his  name  in  connexion  with  an  interesting  branch  of  science,  was 
made  in  1790  and  pvhlished  in  1791.  Some  frogs,  skinned  for  a 
soup,  for  his  lady  an  invalid,  lying  near  an  electrical  machine,  a 
person  by  chance  touched  some  of  the  internal  nerves,  at  the  time 
when  a  spark  was  drawn  from  the  prime  conductor,  and  convulsions 
then  occurred  in  the  frog,  and  were  renewed  at  every  repetition  of  the 
experiment,  but  not  when  a  knife  touched  the  nerves  and  no  spark 
was  drawn. 

4.  A  frog,  having  a  silver  probe  sticking  in  it,  being  suspended,  by 
Galvani,  from  an  iron  palisado,  was  convulsed  whenever  the  wind 
brought  the  silver  into  contact  with  the  iron  of  the  fence ;  but  re- 
mained motionless  when  die  steel  scissors  or  forceps  formed  the 
medium  of  communication. 

ELECTRICAL   FISHES. 

These  convulsive  movements  in  frogs,  naturally  renewed  the  in- 
terest in  the  electrical  fishes. 

The  Torpedo  was  known  to  the  ancients ;  the  Conger  eel^  or  Suri^ 
nam  ee/,  {Gymnotus  eUctricus^)  was  discovered  about  half  a  century  * 
ago  ;|  more  recently  the  SUurus  eleciricus  has  been  found  in  the 
rivers  of  Africa.    The  electric  fishes  have  each  an  organ  for  giving 
a  shock,  and  a  smooth  spotted  skin,  without  scales. — CavaUo, 

I.  (a.^  The  Torpedo^  (so  called  from  the  torpor  produced  bv  his 
shock,)  %s  aflat  Jishf  of  ihe  order  of  Rays,  seldom  tvmity  inches  tang, 
weighing  only  a  few  pounds  and  not  uncommon  on  the  coasts  of 
Europe. 

•  In  a  work  entitled  "  The  General  Theory  of  Pleasures."    t  Cavallo's  Electricity. 
t  Or,  as  Singer  obseires,  towards  the  close  of  the  seventeenth  century. 
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(6.)  The  electric  organs  are  near  the  headt  and  occupy  the  m. 
thickness  and  about  one  third  of  the  length  of  the  fish ;  they  eosk 
of  polygonal  columns  of  thin  membrane,  filled  tnth  a  fluid  endm 
large  nerves;  there  are,  in  one  organ,  from  400  to  1200coIud&& 
which  are  divided,  by  horizontal  partitions,  into  1 50  distinct  pani 
80  that  4000  square  inches  or  about  28  feet  of  surface  are  exposed. 
These  organs  are  a  natural  galvanic  or  deetrical  apparattu. 

(c)  lyiy  shocks  have  been  received  from  the  torpedo  in  a  nmk; 
the  strongest  with  the  hands  on  opposite  sides  of  the  organs;  Done 
at  all  when  on  the  same  side  and  over  them,  and  if  only  one  haods 
over  them  a  feeble  shock.  The  shock  is  strongest  out  of  the  vats. 
and  is  not  prevented  by  insulation  of  the  fish  }  it  passes  through  ser- 
era!  persons,  but  is  weakened, 

(a.)  The  shocks  obey  the  animates  unU;  at  each  efibrt  the  ejesm 
flattened,  indicating  the  attempt  to  give  the  shock,  even  throagh  Don- 
conductors. 

II.  Gymnotus  dectricus.* 

(a.)  The  Chmnotus  is  usually  about  three  feet  long;  veiytloc^ 
with  a  flat  heaa  and  looking  like  an  ill  shaped  eel,  although  it  lias  ob 
specific  characters  like  that  animal.  It  is  sometimes  eighteen  ^ 
long  and  of  sufficient  povoer  to  kUl  a  man  by  its  shock.  HumMi 
relates  that  horses  driven  into  the  water  among  these  fishes,  were 
jdreadfuUy  convulsed  by  them. 

(i.)  The  electric  organs  are  similar  to  those  of  the  torpedo,  i«t 
more  simple;  still  the  shock  is  much  more  powerful,  and  if  the  haods 
are  applied  near  the  head  and  tail,  the  shock  will  sometimes  penfvfc 
the  breast;  if  touched  with  one  hand  a  tremor  is  felt. 

(c.)  The  shock  depends  on  the  will  of  the  animal,  and  isstroogea 
when  be  is  provoked ;  he  easily  stuns  and  kills  small  fishes. 

(d.^  The  torpedo  gives  no  spark  ;  the  Gymnotus  produces  a  od 
but  vivid  one;  his  electricity  passes  through  any  good  conductors, 
and  even  by  the  links  of  a  chain,  provided  they  are  stretched. 

m.  SUurus  electricus. — His  body  is  oblong,  like  those  above  named, 
smooth  and  without  scales ;  the  electric  organ  seems  to  be  iofwarb  w 
tail;  it  is  said  to  give  a  shock,  but  very  Btde  is  known  of  this  fish. 

A  fourth  electrical  fish  was  found  on  the  coast  of  one  of  the  Co- 
moro Islands,  S.  lat.  12°  13';  it  was  seven  inches  long,  two  am* 
half  broad,  with  a  long  projecting  mouth,  and  seemed  tobeloDgto 
the  genus  Tetrodon;  it  gives  strong  shocks,  and  several  f&^ 
have  felt  it  at  once.f  There  is  a  fifth  electrical  fish  in  the  hi^ 
seas ;  it  is  called  Trichiurus  electricus. 

•  A  Dumber  of  them,  caught  in  the  Surinam  river,  were  brought  to  EBgw* 
tome  years  ago,  and  examined  by  Mr.  Walsh.  . 

f  Cavallo,  Vol.  iii^  p.  6,  Electricity.  Cats  and  rats  are  said  occasionally  to  »^ 
civen  electrical  shocks.  If  there  was  no  mistake  in  the  case  of  Dr.  CotugnO'  » 
Naples,  already  mentioned,  the  fact  would  not  appear  to  be  improbable. 
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MUSCULAR  CONTRACTIONS  OF  ANIMALS,  obi&rved  before  the  invetir 
turn  of  the  pUe* 

Remarks. — During  about  ten  years,  from  1790  to  1800,  the  atten* 
tion  of  the  philosophical  world  was  intensely  fixed  upon  this  subject; 
for,  the  galvanic  power  was  regarded  by  many  persons,  as  an  attribute 
of  animtd  life ;  the  muscle  and  nerve  were  supposed  to  be  in  opposite 
electrical  states,  and  the  convulsbns  to  be  produced  by  the  discharge 
that  restored  the  equilibrium ;  physiologists  sought  in  these  phenom- 
ena the  cause  of  the  nervous  energy;  of  muscular  movement  and  of 
animal  functions;  if  not  of  animal  life  itself,  and  experiments  on  ani- 
mals were  therefore  greatly  multiplied.  They  have  long  since  lost 
the  high  interest,  which  they  possessed  when  associated  with  such 
views,  and  have  indeed  almost  passed  into  oblivion. 

I  have  however,  thought  it  both  useful  and  interesting,  especially 
in  relation  to  the  pupils  m  science  of  the  present  day,  to  present  some 
general  notice  of  these  remarkable  phenomena,  although  they  are 
now  justly  regarded  as  the  results,  chiefly,  of  electrical  mnuence,  and 
as  proving  that  the  animal,  body  is  a  most  delicate  instrument,  by 
which  to  discover  and  appreciate  minute  portions  of  this  power,  and 
of  the  other  imponderable  influences  now  collectively  called  galvanic. 

Muscular  cotUraetiansy  fye*  as  observed  by  Galvani  and  others. 

1.  Prepared  frogs  are  very  sensible  electroscopes,  being  convul- 
sed when  immersed  in  an  electrified  atmosphere,  ( e.  g.  near  an  elec- 
trical machine  in  motion,)  and  that  whether  they  oirecdy  receive  the 
spark  or  not.  Insulated  animals  are  agitated  by  very  minute  quan- 
tities of  excited  electricity.  As  animals  with  cold  blood  retain  their 
excitability  longer  than  those  with  warm,  frogs,  being  peculiarly  sen- 
sible and  easily  obtained,  have  been  the  most  common  victims  of 
these  experiments. 

2.  Preparation  of  the  frog, — On  removing  the  viscera,  the  crural 
nerves  are  exposed ;  the  animal  is  easily  flayed ;  those  muscles  only 
which  we  wL^  to  touch  are  skinned ;  the  frog  is  usually  divided  just 
under  the  arms ;  the  lumbar  portion  of  the  spine  is  removed,  leaving 
the  upper  part  attached  by  the  nerves  alone  to  the  lower  extremities. 

3.  The  prepared  frog  being  connected  tpith  a  conductor  of  light- 
ning in  a  thunder  storm^  was  affected  by  the  flashes  as  by  artifltial 
sparks  ;  and  by  rumbling  thunder  with  a  continued  tremor. 

4.  The  contractions  may  be  produced  without  any  artificial  or  at- 
mospherical influence;  as  when,  from  the  spine  coated  with  tinfoil,  an 
arc  of  silver  touches  a  muscle ;  or  if  the  nerve  touches  zinc  and  the 
muscle  gold,  and  any  conductor  completes  the  circuit. 

Vol.  II.  80 
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5.  ff  the  nerve  and  muede  are  joined  by  a  single  meial^  comtm- 
iions  rarely  enMue^  and  only  in  vigorous  animals^  recentlj  IdBed:* 
still  it  is  said,  that  tlie  legs  of  a  frog  being  in  mercury,  and  tbe  nens 
being  made  to  touch  the  same  metad,  convulsions  wiU  follow  at  ^er 
contact. 

Metals,  the  most  remote  in  chemical  character,  are  tbe  most  A 
cient ;  silver  or  gold,  with  zinc,  tin,  or  copper,  are  good  combinaCHBi 

6.  Either  in  air  or  water,  a  live  frog,  with  tinfoil  on  his  back  sti^ 
ing  on  a  plate  of  zbc,  is  convulsed,  when  tbe  zinc  and  tin  are  coDBeo- 
ed  by  a  wire ;  the  same  happens  with  a  flounder  having  a  ^Iver  c«a 
on  his  back.  If  the  prepared  frog  hangs  by  one  leg,  and  fvheo  tk 
tin*coated  spine  touches  the  other,  a  silver  coin  is  interposed,  ib 
hanging  leg  will  vibrate  powerfully4 

rlace  the  legs  of  a  frog  on  zinc  and  the  nerves  on  silver ;  joii 
them  by  a  wire,  and  the  spasms  will  follow;  and  tbe  same,  if  wbai 
frog  is  made  to  connect  a  glass  of  water  and  a  silver  vessel  of  iSm 
acid,  the  connexion  is  completed  by  a  metal. 

7.  Under  similar  circumstances,  contractions  occur  in  nearly  d 
animaUf  large  andsmally  strong  and  feeble  ^  and  even  in  those  efp^ 
rently  without  nerves.^  Place  a  dollar  on  zinc  and  a  leech  or  won 
on  the  dollar;  it  will  be  quiet  while  touching  the  silver  oolj,  but, if 
it  touch  the  zinc,  it  recoils  as  from  pam.|| 

8.  Chains  of  communication. — Liet  several  persons  with  clean  asd 
moist  hands  form  a  chain  bv  firm  grasping ;  let  the  first  hold  silver  m 
one  hand,  and  in  the  other  the  feet  of  a  frog;  let  the  second  bold  the 
nerves;  and  let  the  last  person,  with  a  piece  of  zinc  touch  the  sflf^r^ 
and  the  frog  will  be  convulsed,  at  every  contact.  While  the  vicafir? 
18  still  strong,  the  circuit  may  be  completed  by  water,  by  diflerent  per- 
sons, and  even  by  the  materials  of  a  room.lT 

9.  Contractions  are  much  more  prone  to  take  place  in  living  am- 
mals  if  the  ekin  is  wounded  and  tintoil  applied,  and  the  human  bodj 
or  its  recently  amputated  limbs,  as  well  as  those  of  animals,  hare 
been  agitated  in  this  manner. 

10.  T&«  heart i  if  placed  between  two  metals,  as  zinc  and  antsno- 
ny,  a  communication  being  duly  established,  contracts  and  is  ^ 
to  be  tlie  only  involuntary  muscle  which  can  be  thus  excited. 


*  Contractions  have  ensued  by  jarring  the  table  and  by  bringing  the  acfa 
two  frog§ ;  when  they  were  insulated  the  efiect  cea^ed.—Cavalto,  Vol.  11,  p.  26. 

t  That  which  contains  the  legs.  t  Sinorer. 

§  Some  worms  and  insects,  the  oyster,  and  a  few  other  small  sea  animals,  are  ibe 
only  exceptions  hitherto  observed. 

|l  Singer.     Dr.  Hare  tried  this  experiment  unsuccessfully  with  a  fine  leech. 

1  Impurity  In  a  single  metal,  wilt  often  cause  it  to  produce  the  efiects  of  tws. 
Exhausted  excitability  is  renawed  by  electrizitiim»  by  chlorine^  aod  by  moving  dit 
armature,  especially,  nearer  to  the  muscle. 
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11.  Fishes  are  very  excitable,  especially  when  wet  with  alkali  or 
chlorine  ;  eels  and  tenches  can  scarcely  be  kept  on  the  table.* 

12.  ITie  peristaltic  motion  is  increased  by  galvanism,  and  by 
a  communication  between  zinc  and  silver  properly  placed  on  different 
parts  of  the  body,  has  been  known  to  produce  correspondent  effects. 

13.  Muscular  contractions  have  been  excited  without  the  iniervenr 
iion  of  any  metallic  matter — ^as  by  a  circle  formed  between  the  ten- 
dons, muscles,  and  blood  of  the  frog.| 

In  a  prepared  frog,  wet  m\h  salt  water,  and  held  by  a  foot,  so 
that  the  nerves  touch  the  muscles,  contractions  ensue ;  the  same 
when  the  nerves  of  the  frog  are  made  to  touch  the  tongue  of  the  ex* 
perimenter;  the  same  when  the  frog  is  held  on  a  glass  rod,  and  the 
leg,  by  another  glass  rod,  is  brought  into  contact  with  the  nerves. 

In  the  detached  thighs  of  several  frogs,  Humboldt  brought  on  very 
powerful  convulsions,  by  forming  the  connexion  between  tbe  muscles 
and  the  crural  nerves,  by  a  small  portion  of  muscle  or  of  the  nerve  it« 
self.  These  facts,  besides  being,  in  themselves,  very  curious,  de- 
rive an  additional  mterest  from  the  connexion  which  tiiey  imply  be- 
tween physiology  and  galvanism. 

EFFECTS  of  metaUie  contact  on  liyiko  beincs,  in  producing  leiua- 
tion,  motion,  fyc. 

1.  Vigorous  animals,  on  their  guard,  can  partially  control  the 
voluntary  muscles,  unless  the  metals  are  applied  to  parts  made  very 
sensible  by  a  wound  or  a  sore,  and  the  application  of  the  metals  vnll 
also  renew  motion,  in  parts  rendered  torpid  bv  opium. || 

3.  Sight  and  taste  may  be  affected  by  metallic  contact. 

(a.)  The  sensation  produced  by  zinc  and  silver,  under  and  above 
the  tongue,  has  already  been  mentioned;  a  flash  is  perceived  by  many 
persons ;  it  is  stronger  in  some  than  in  others,  and  it  occurs,  whether 
it  be  light  or  dark,  and  whether  the  eyes  be  open  or  shut. 

(6.)  Zinc  within  one  cheek,  being  connected  with  silver  within  the 
other,  a  flash,  and  a  peculiar  taste,  will  be  perceived,  and  sometimes 
a  twitch. 

(c.)  Tinfoil  on  the  ball  of  the  eye,  under  the  lid,  and  silver  in  the 
mouth,  will,  by  due  connexion,  produce  a  faint  flash,  especially  if 
the  eyes  are  inflamed.^ 


»Wilkiiuon,yo].i,p.  291. 

t  Volta.  II  Ctyallo,  Vol.  Ui,  p.  61. 

§  A  aimilar  connexion  between  the  ear  or  the  noee,  lometimef  dravf  droM  of 
blood. 
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(J.)  The  taste,  and  often  the  flash  are  perceived,  eren  vhenik 
connexion  is  formed  between  the  nostrib,  tne  ear,  and  odier  seosik 
parts  and  the  tongu^. 

(e.)  Soldered  seame  afmetali  may  be  diicovered  by  the  ioiU^^iAm 
they  escape  the  eye.  Dr.  Rdbinson  could  thus,  by  the  toogue,  it 
tect  the  adulterations  in  gold  and  »lver  trinkets. 

(/.)  Connect  two  glasses  of  water  by  tin  and  silyer,  and  wk&de 
tongue  touches  the  one,  apply  a  finger  to  the  other,  and  a  pecdbr 
taste  will  be  perceived. 

{g.)  Water  in  tin  or  zinc,  standing  on  silver  is  tastdess,  uBtitlie 
tongue  touching  the  water,  the  hand  grasps  the  silver,  wbeDtaseii 
perceived. 

{kA  Porter,  cider,  beer,  wine,  be.  or  perhaps  even  water,  drank 
out  or  a  metallic  vessel,  especially  an  alloy  like  pewter,  gives  apecoi- 
imr  taste  not  perceived  m  porcelain  or  glass  ;*  the  liquor,  the  med, 
and  the  saliva,  form  a  galvanic  circle,  and  the  taste  is  owing  to  a 
electric  movement. 

Attempts  to  restore  life. 

All  efforts  to  restore  life  by  galvanism  have  been  unsuccessful.  A 
linnet  which  had  just  closed  its  eyes,  and  was  insensible  to  a  {■ 
thrust  into  the  body,  was  aroused  by  a  proper  connexion  betweeoi 
piece  of  zinc  in  the  bill,  and  of  silver  at  the  vent ;  it  now  opened  is 
eyes,  stood  erect,  fluttered  its  wings,  and  breathed  six  or  eight  m- 
utes,  when  it  tranquilly  expired.f 

MISCELLANEOUS  FACTS  dependttig  on  galvanic  inJUunet. 

(aA  Metallic  vessels  tarnish  soonest  at  the  soldered  joints. 

(J.)  The  copper  sheathing  of  ships  cannot  be  permanently  sear- 
ed by  iron  bolts,  or  by  any  metal  more  oxidable  than  the  copper, 
because,  whenever  two  different  metals  are  connected  with  eadi 
other  and  with  a  saline  water,  a  galvanic  circle  is  formed,  and  the 
metals  are  more  rapidly  corroded. 

(c.)  Tlie  lead  on  which  the  Etruscan  inscriptions  were  eograM 
has  been  preserved  to  the  present  time,  while  more  recent  medals, 
formed  oi  alloys,  are  much  corroded. J 

(d.)  The  discoloration  of  a  silver  spoon  in  eating  an  eggiscofr 
sidered  as  a  galvanic  effect ;  a  circle  being  formed  by  the  spoonaw 
the  peculiar  substances  of  the  egg,  of  which  sulphur  is  one.    A  sBst 


•  Porter  drinkerf  have  long  made  this  distioction.  , 

t  At  these  statements  are  inteotionany  confined  to  animal  excitement  P'^^ 

hy  the  simplest  means,  and  before  the  discovery  of  the  pile  and  the  battery,  l^'^ 

now  advert  to  the  violent  convulsions  produced  by  tbo^e  powerful  i0struJoeo<>>P' 

on  large  animals  recently  killed,  and  upon  executed  criminals. 

t  Singer,  p.  S09. 
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lar  effect  is  observed  with  mustard,  and  may  perhaps  depend  upon 
a  similar  cause. 

{e.)  Zinc,  in  water,  exposed  to  the  air,  is  slowly  oxidized,  but 
much  more  rapidly  if  brought  into  contact  with  silver.  Iron  and  sil- 
ver in  dilute  muriatic  acid,  or  zinc  and  silver  in  dilute  sulphuric,  are 
dissolved  with  increased  rapidity,  if  in  contact. 

INTENTION  AND  CONSTRUCTION  OF  THE  PILE  and  of  Other  Varieties 
of  galvanic  apparatus. 

Professor  Volta,  of  Pavia,  b  the  undisputed  discoverer  of  the  pile, 
without  which,  and  the  various  instruments  that  haye  been  in  con- 
sequence invented,  galvanism  would  have  turned  to  litde  account. 
Viewing  the  phenomena  as  having  no  necessary  connexion  with  ani- 
mal life  and  as  arising  from  electricity,  set  in  motion  by  the  contact 
of  different  substances,  Volta  detached  galvanism  from  all  connex*^ 
ion  with  animals,  and  in  1800*  communicated  to  Sir  Joseph  Banks 
his  grand  discovery  of  the  Voltaic  pile,  as,  in  honor  of  the  discov- 
erer, it  has  been  jusdy  called.  Regarding  electricity  and  galvanism 
as  the  same  thing,  he  divided  the  conductors  of  it  into  two  classes, 
perfect  and  imperfect. 

1.  Perfect;  including  metals,  some  native  metallic  combinadons, 
plumbago  and  charcoal.f 

2.  Lnperfect;  water,  saline  and  acid  solutions,  animal  fluids  and 
fluids  generally,  and  even  fibrous  solids,  when  moist. 

3.  "If,  (says  Volta,)  in  a  series  of  three  conductors,  which  touch 
two  and  two,  we  place  either  a  conductor  of  the  second  class  between 
two  diflferent  ones  of  the  first,  or  one  of  the  first  class  between  two 
different  ones  of  the  second,  or  finally,  if  we  form  a  circle  of  three 
different  conductors  of  the  second  class,  without  the  mtervention  of 
any  of  those  of  the  first — in  these  three  cases,  a  current  of  electri- 
city will  be  established,  passing  to  the  one  extremity  or  the  other,  ac- 
cording to  the  predominating  force  of  the  substances  arranged,  which 


♦  See  Phil.  Trans,  for  that  year 

t  Common  charcoal,  although  it  conducts  the  ordinary  electricity,  is  unfit  for  gal- 
vanic experiments.  It  should  be  heated  intensely,  under  sand,  in  a  crucible  placed 
in  a  forge  or  other  furnace ;  or  it  may  be  formed  from  lignum  vitae,  box  wood,  ma- 
hogany, sugar  maple,  or  other  hard  wood,  by  igniting  pieces  of  the  proper  size  and 
shape,  as  above, but  they  are  prone  to  crack  and  warp,  and  I  hnve  found  it  preferable 
to  select  good  fine  grained  charcoal,  (maple  is  the  best,)  and  after  sawing  and  filing 
the  pieces  to  bring  them  nearly  to  their  proper  form,  they  are  ignited  for  an  hour, 
under  sand,  and  taken  out  the  next  morning,  when  cold.*  They  will  then  be  ex- 
cellent conductors  of  galvanic  electricity,  although  non-conductors  of  it  before. 
They  will  not  soon  lose  their  conducting  power,  although  exposed  to  the  air,  and 
if  enclosed  in  a  tight  bottle,  will  remain  perfect  round  the  year. 

*  To  make  them  perfect,  they  ought  to  be  steeped  in  hot  water,  to  extract  saline 
matter,  before  the  second  ignition,  as  maple  coal  always  contains  iL — o.  c. 
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will  cease  only  on  breaking  the  circle,  and  will  be  re-e9tabGshed  who. 
after  such  an  interruption,  it  is  restored.  Of  the  first  arrangemotK 
have  an  example  in  two  metals,  with  a  humid  disk ;  of  the  secoDdi 
a  single  metal,  with  diluted  acid  on  one  side  and  sulphuretof  poba 
on  the  other ;  and  of  the  third,  Volu  gives  the  mstance  of  mask 
nenre  and  the  blood  of  an  animal  recendy  dead.* 

4.  AU  the  arrangements  stated  m  the  precedbg  account  of  m 
cular  motions  and  excited  sensations,  can  be  referred  toaM&rik 
other  of  the  combinations  now  stated;  and  as  metallic  combiData 
have  proved  that  galvanic  excitement  is  independent  of  animals,  sb, 
on  the  other  hand,  animal  and  other  substances  have  beeo  so€» 
nected  as  to  show  that  the  power  is  not  dependent  on  metals,  lir 
a  galvanic  arrangement  has  been  made  by  slices  of  brain  and  ne 
cle,  with  layers  of  felt,  moistened  with  muriate  of  soda,  and  enk 
galvanic  effects  were  induced.f 

Batteries  have  been  constructed  with  charcoal  and  plumh^il 
with  disks  of  red  beet  root  two  inches  in  diameter,  and  other  disks  oi 
the  same  size  made  of  wabut  wood,  from  which  the  resin  hadlxa 
removed  by  the  action  of  cream  of  tartar  and  vinegar;  alrosn 
excited  by  this  last  arrangement,  and  a  leaf  of  scurvy  grass  iras  oei 
for  the  exciter.^ 

5.  In  mechanical  electricity ,  the  excitement  is  made  by  means  (ftxnr 
eondwtors  kept  as  dry  as  possible  ;  in  galvanism,  aU  the  bo&se^ 
conductors  J  perfect  or  imperfect  j  and  in  all  energetic  series,  flmdsae 
employed. 

6.  As  bodies  by  mere  contact  assume  opposite  electrical  st^M 
arrangement  in  a  particular  order  is  iridtspensqble  to  the  iansasn 
of  a  pile  or  battery  ;  in  a  simple  galvanic  circle  there  are  three  !»'• 


(a.)  Either  two  perfect  conductors  with  one  imperfect,  e.g.dwi 
zinc,  water,  or, 

(6.)  Two  imperfect  conductors  with  one  perfect,  e.  g.  silver,  «!• 
kaline  sulphuret,  on  one  side,  and  water  or  acids  on  the  other. 

An  arrangement  of  the  first  kind  is  far  the  most  energetic,  e.f. 
zinc,  copper,  acid ;  if  zinc  and  copper  were  repeated  ever  so  ntfij 
times,  there  would  be  no  accumulation  of  power ;  the  two  ends « 
the  series  are  exactly  as  if  there  were  only  one  pair ;  but  by  theia- 
terposition  of  the  fluid,  an  accumulating  series  is  formed. 


•  Murray,  quoting  Journal  de  TEcole  Polytechnique,  Tome  iv,  p.  286. 

t  La  Grave,  in  Memoirs  of  the  Galvanic  Society,  at  Paris;  quoted  by  Wiw* 
Vol.  il,  p.  338,  note.  ,^ 

t  This  pile  was  constructed  by  M.  Gautfaerol,  (Wilkiiuon,  Vol.  ii,  p-  ^'^'z  1 
layers  of  charcoal  and  plumbago,  which  afforded  a  strong  and  pungent  <**^  "[l*^ 
flash  of  light,  and  decomposed  water,  the  hydrogen  being  given  out  on  the  cdi«i» 
side. 

§  Nich.  Jour.  Vol.  xvlii,  p.  159. 
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7.  The  moit  energetic  combinationi  are  formed  by  a  fluid,  and 
iwo  metedsf  as  remote  as  possible  in  their  chemical  characters,  viz.  one 
as  liable  as  may  be,  to  be  acted  on  hj  oxygeD,  acids,  &c.  and  the 
other  as  little. 

8.  Many  such  arrangements  may  be  formed,  e.  g.  gold,  silver 
or  copper,  with  tin  or  zinc,  but,  no  two  metals  are  at  once  so  ener- 
getic and  cheap  as  zinc  and  copper,  and  galvanic  arrangements  are 
now  almost  universally  made  of  them,  while  almost  any  fluid  will  an- 
swer, more  or  less  perfectly,  to  connect  them,  but,  in  general,  those 
are  die  most  efficient  whose  chemical  action  on  one  of  the  metals  is 
the  most  decided. 


davt's*  tables  of  some  galvanic  circles. 


Most  oxidable 
substances. 


Two  Perfect  conductors  and  one  Imperfect 

Less  oxidable 
substances. 


C  With  gold,  charcoal,  silver, 
(    copper,  tin,  iron,  mercury. 
(  Gold,  charcoal,  silver,  cop- 
(    per,  tin. 

Gold,  sifver,  charcoal. 

Grold,  silver. 

Gold,  silver. 
Gold, 


Oxidizing  fluids. 
Solutions  of  nitric  acid 
in  water,  of  muriatic 
acid,  of  sulphuric  acid, 
he. 
Water  holding  in  solution 
oxygen,    atmospheric 
air,  fitc. 
?  Solutions  of  nitrate   of 
<     silver  and  mercury. 
(  Nitric  acid,  acetous  acid. 
Nitric  acid.  ^ 


Zinc, 

Iron, 

Tin, 
Lead, 

Copper, 

Silver, 

Platinum. 

Charcoal. 

Two  Imperfect  conductors  and  one  Perfect 
Perfeet  coaduetors.  Imperfect  conductors.            _  Imperfect  conductors. 
Copper,  Solutions  of  hydrogen* 
Silver,  ated  alkaline  sulpbu- 
Lead,  rets,  capable  of  act- 
Tin,  ing  on  the  first  three 
Iron,  metals,  but  not  on  the 
Zinc,  last  three. 
Charcoal. 


Solutions  of  nitrous 
acid,  chlorine,  mu- 
riatic, or  other  acid, 
fcc.,  capable  of  act- 
ing on  all  the  met- 
als. 


*  Sir  H.  Davy,  in  1826,  gaVe  a  table  of  tbe  electro- chemical  relations  of  metals, 
(see  Phil.  Trans,  for  that  year,)  the  first  being  positive  with  respect  to  the  second, 
and  so  on. 

With  common  aids — Potassium,  barium  and  zinc,  and  their  amalgams ;  cadmium, 
tin,  iron,  bismuth,  antimony  ?  lead,  copper,  silver,  palladium,  tellurium,  gold,  char- 
coal^Iatinum,  iridium,  rhodium. 

with  alkcdine  solutions. — ^The  alkaline  metals  and  their  amalgams ;  zinc,  tin, 
lead,  copper,  iron,  silver,  palladium,  gold,  platinum,  &c. 

With  solutions  of  hydro-stdphurets. — Zinc,  tin,  copper,  iron,  bismutli,  silver,  pla- 
tinum, palladium,  gold,  charcoal. 
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IT  the  fluids  used  with  the  metab  afibrd  oi^eeD,dioseiiifik 
which  attract  it  the  atrongest  will  be  positiye,  but  it  these  Imki 
ford  sulphur,  that  metal  which  under  the  given  circumstances  Htm 
it  most  strongly,  will  form  the  positive  pole  ;  thus,  with  inn,  copfi 
Bnd  water  or  acids,  the  iron  will  be  positive,  and  the  copper  oegsn 
but  with  solution  of  sulphuret  of  pottissa,  it  is  the  reverse.  Wkki 
metal,  the  side  that  touches  the  acid  is  negative,  and  that 
^e  alkaline  or  sulphuretted  alkaline  solution  is  positive.* 

PILS    or   VOLTA. 

The  theoretical  views  of  Volta,  led  to  the  fbilowmg  amngeiHl 

1.  ZinCj  capper  J  dothf  paste  boards  or  felt,  toel  wiA  oMoiri 
diluted  acid  or  saline  solutumj  or  even  with  conunon  water ;  lUt 
farm  a  galvanic  series,  a  simple  galvanic  circle,  and  a  wire  fn 

from  the  zinc  to  the  condensing  electrometer,  will  discover  posN 
and  one  firom  the  copper,  negative  electricity. 

2.  A  campaund  galvanic  circle  is  farmed  by  a  repeiiiian  ofndLtOk 
as  the  above,  always  preserving  the  same  order. 

3.  The  number  and  size  af  the  plates  admit  of  wxA  mtm^I 
will  be  more  fully  explained  farther  on — in  the  pUe,  the  phtes « 
commonly  of  the  size  of  a  dollar,f  and  after  40  or  50  repefli^ 
the  pile  becomes  capable  of  giving  a  shock  and  a  iqutriL,  aiidof[» 
ducing  chemical  decompositions. 

4.  Commonly  the  pile  is  mounted  upon  a  pedestal  of  baked  vooL 
and  the  plates  are  sustained  by  three  glass  pillars  or  by  rods  of  bU 
wood. 

5.  Advantages  of  the  pHe;  portable  and  cheap ;  disaiva^ 
very  troublesome  to  lay  up  arrange  and  clean,  espedsBji^ip 
combinations. 

The  trouble  of  cleaning  the  plates  is,  in  some  measure,  dkmM 
by  soldering  them  together.  p^^ 

Connected  Piles. 


•  Davy's  Elements. 

t  1  reuiembor  seeing  dollars  and  other  coins,  used  in  some  of  (he  early  piK* 
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COUROKNE  DE  f  ASSES  OP  VOLTA. 

1.  If  the  zinc  and  copper  pie- 
ces, inslead  of  being  in  contact, 
are  connected  by  a  wire  or  me- 
tallic strap  and  immersed,  sepa-  ^1 
rately,  in  any  of  the  exciting  flu- 
ids, contained  in  glass  or  earthen 
vessels,  a  simple  galvanic  circle 
IS  formed  ;  and  by  a  repetition  of 
this  series,  so  that  a  piece  of  zinc 
and  a  piece  of  copper  may  always  be  in  the  same  vessel,  but  not  in 
contact,  and  connected  only  by  the  fluid,  an  accumulatmg  series  will 
be  formed. 

2.  In  this  arrangement  a  double  surface  of  metal  is  exposed  to  ac^ 
tion,  and  the  pieces  are  easily  cleaned,  but  as  it  requires  numerous 
vessels  and  a  large  proportionate  quantity  of  fluid,  it  is  now,  except 
for  illustration,  seldom  used  in  the  form  above  exhibited. 

Before  proceeding  to  describe  the  more  powerful  kinds  of  appar« 
atus,  I  will  deviate  from  the  chronological  order  to  mention  a  galvanic 
instrument  which  is  very  elegant  and  highly  instructive  in  relation  to 
the  theory  of  this  subject ;  the  most  remarkable  circumstance  is  that 
the  substances  are  all  dry. 

ELECTRICAL   COLUMN   OF   ITE  LUC. 

1 .  M.  De  Luc,*  in  consequence  of  his  able  dissection  of  the  Vol- 
taic pile,f  was  led  to  examine  whether  a  liquid  is  essential  to  the  eflTect } 
he  mounted  a  pile  with  dry  instead  of  wet  cloth,  and  found  that  elec- 
tric effects  were  still  produced,  although  somewhat  weaker  than  before^ 

2.  After  many  experiments,  in  which  he  substituted  various  ani- 
mal and  vegetable  substances,  he  came  to  prefer  writing  paper,  and 
constructed  a  pile  of  800  groups|  of  tinned  iron  and  Dutch  gilt  pa- 
per,§  keeping  the  copper  constantly  the  same  way. 

3.  This  apparatus  aflected  the  electrometer  more  powerfuDy  than 
any  Voltaic  battery  had  evpr  been  observed  to  do,  but  produced  no 
chemical  decomposition. 

4.  Mr.  Singer  adopted  the  arrangement  of  thinly  laminated  zinc^ 
writing  paper,  and  the  same  covered  with  silver  leaf;  thus  the  ar- 
rangement was  zinc,  paper,  silvered  paper,  zinc,  &c. ;  the  silvered  ride 
of  the  paper  being  always  so  placed  as  to  come  in  contact  with  the  zinc< 

5.  The  pile  may  be  reared  between  three  varnished  rods  of  glass^ 
or  it  may  be  and  now  generally  is  placed  in  a  dry  glass  tube,  whose 

*  A  distinguished  French  philosopher  then  residing  in  Englftnd. 
t  See  Nicholson's  Jour.  Vol.  xxvi,  p.  118,  and  Singer,  p.  441. 
t  The  size  may  be  even  less  than  half  an  inch,  and  the  pieces  may  be  shtped  by 
a  punch.  §  So  called ;  it  is  paper  covered  with  copper  or  bratt  lekf. 
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ends  are  covered  with  sealing  wax  and  capped  with  brass;  ooe  (^ 
maybe  cemented  on,  before  the  plates  are  introduced  and  the  ode 
afterwards;  llie  caps  should  have  a  screw  ending  m  a  book  ootside; 
this  screw  serves  the  double  purpose  of  bringing  the  pieces  into  per- 
fect contact  and  of  securing  a  communication.  The  paper  must  Ik 
dried  by  the  sun*  and  not  by  a  fire. 

6.  Mr.  Forster  found  that,  by  1500  groups,  a  ball  nught  benade 
to  vibrate,  without  intermission,  between  two  small  bells,  and  thus  to 
produce  a  constant  chime.  This  is  conveniently  shown  by  arraogBi; 
from  1200  to  1600  groups,  in  two  columns  of  equal  length ;  ibev  are 
insulated,  in  a  vertical  position,  by  glass  pillars ;  the  positive  eiKJ  of 
one  is  placed  lowest,  and  the  negative  end  of  the  other,  and  as  iliey 
are  connected  at  the  top,  they  may  be  regarded  as  one  column.  A 
bell  is  fixed  on  the  lower  end  of  each  column,  between  the  cap  ami 
the  insulation,  and  a  ball  is  suspended  by  a  thread  of  raw  silk,  so  as 
to  hang  midway ;  a  wire  is  passed  from  bell  to  bell,  till  the  dapper's 
fixed,  and  on  removing  the  wire,  the  motion  commences;  agl» 
covers  the  whole.  Mr.  Lukens,  of  Philadelphia,  whose  ingeDuijj  a 
a  philosophical  artist  is  well  known,  constructs  the  columns,  with  i 
metallic  vane,  vibrating  on  a  delicate  watch  spring,  between  the  m 
bells.  (See  the  fig.  on  the  next  page.) 

7.  A  column  of  Mr.  Singer,  of  1200  groups,  rang  fourteen  maitb, 
except  when  it  was  moved,  and  was  in  action  more  than  three  jears. 
M.  De  Luc's  vibrated  for  two  or  three  years,  without  ceasing.  Prof. 
Griscom  has  a  double  column  made  in  London,  which  was  m  ucm 
about  three  years. 

8.  A  column  of  1000  scries,  laid  horizontally  on  the  capsof  tiw 
electrometers,  will  cause  their  leaves  to  diverge,  with  positive  and 
negative  electricity,  respectively;  on  touching  either  extremity  of  the 
column,  the  leaves  of  the  electrometer  connected  witli  it  collapse, and 
those  of  the  otber  open  wider. 

9.  The  motions  of  the  interposed  pendulum,  although  in  general 
tolerably  regular,  are  sometimes  singularly  wild  and  rapid ;  then  they 
become  slow  and  almost  cease,  and  then  begin  again  and  soon. 

10.  The  two  ends  of  a  column  should  never  be,  for  anytime,  con- 
nected by  a  conducting  substance,  for  this  very  much  impairs  its  en- 
ergy ;  when  laid  by,  it  should  rest  upon  two  sticks  of  sealing  wax, 
and  a  column  which  has  been  injured  as  above,  will  recover  its  power 
by  insulation  for  a  few  days. 

11.  An  apparatus,  after  being  in  action  thirty  months,  was  taken 
to  pieces,  and  no  appearance  of  oxidation  could  be  discovered  on 
the  zinc.  Prof.  Berzelius  kept  a  pile  formed  of  brass  and  tin  pa- 
pers, in  which  the  tin  is  the  positive  metal,  in  action  for  eight  year^ 
and  the  tin  paper  remained,  to  the  last,  as  brilliant  as  at  first.f 

*  Mr.  Lukeni  objects  to  sun-drying  in  that  viriely  of  the  apparatus,  io  which  tou- 
ganese  is  used ;  see  p.  644.*  t  Edin.  Jour.  July,  1830. 
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12.  A  column  of  1000  series  will  charge  a  Leyden  jar  in  from 
1  minute  to  5,  so  that  a  small  but  distinct  spark  will  be  obtained 
by  a  fine  wire.  20,000  ^rottp*  caused  pith  balls  \  of  an  inch  in  di- 
ameter, with  strings  4  inches  long,  to  diverge  more  than  2  inches ; 
by  bringing  a  very  fine  wire  firom  one  end  into  connexion  with  the 
other,  a  tliin  layer  of  varnish  being  interposed,  a  series  of  minute 
bright  sparks  w^s  obtained. 

A  contact  of  10  minutes  with  ajar  of  50  square  inches  of  coated 
surface,  gave  such  a  charge  as  to  communicate  a  disagreeable  shock  as 
far  as  the  elbows  and  shoulders,  and  with  some  persons  even  across  the 
breast ;  the  same  charge  perforated  thick  drawing  paper,  but  not  a 
card,  and  fused  one  inch  of  platinum  wire  of  j^jVv^b  of  an  inch  in 
diameter.     It  had  not  however,  the  slightest  chemical  action.* 

These  piles  have  been  difierently  constructed,  as  by  fixing  fine  zinc 
by  glue  and  sugar  upon  the  back  of  Dutch  gilt  paper,  and  cutting  it 
into  disks.f  Another  variety,  constructed  by  Zamboni  of  Verona, 
was  made  with  silvered  paper,  on  the  back  of  which  was  spread 
black  oxide  of  manganese  and  honey,  and  two  thousand  groups  of 
these  pairs  were  associated ;  they  were  then  covered  with  varnish  of 
shell  lac  and  enclosed  in  a  hollow  brass  cylinder ;  two  of  these  piles 
being  placed  at  the  distance  of  four  or  five  inches,  a  light  needle  sus- 
pended on  a  pivot,  vibrated  freely  between  them. 

A  pendulum  of  a  clock  has  been  moved  in  this  way. J  Although 
piles,  in  which  tlie  paper  is  perfectly  dry, 
scarcely  act,  because  the  paper  becomes  a 
non  conductor,  tlie  conducting  power  is  re- 
stored by  heating  the  piles  up  to  104*^  or 
140^.  A  double  column,  con3tructed  by 
Mr.  Lukens,  which  stands  in  my  study, 
often  begins  to  vibrate  in  cold  weather  as 
soon  as  tlie  fire  has  brought  the  temperature 
up  to  a  certain  point,  and  then  it  will  ring 
for  hours  and  cease  again  as  the  room  grows 
cold ;  the  same  thing  happens  in  dry  and 
hot  weather  in  summer.  A  figure  of  this 
apparatus  is  annexed.^ 

In  constructing  these  batteries,  Mr.  Lu- 
kens takes  what  is  called  silver  paper,  and 
the  black  oxide  of  manganese  finely  pow- 
dered, and  mixes  the  latter  with  a  saturated 
solution  of  the  sulphate  of  zinc  to  such  a  consistence,  that  it  may  be 


•  Singer's  last  chapter.  t  Phil.  Mae.  Vol  xlvii,  p.  265. 

X  Phil.  Mag.  Vol.  xiv,  p.  261 ;  Ann.  de  Ch.  el  de  Ph.  Vol.  xi,  p.- 190,  and  m. 
Vol.  ii,  p.  189. 

§  I  have  had  it  five  years,  and  although  it  has  never  been  kept  covered,  its  energy, 
after  being  made  clean  and  warm,  U  always  found  to  be  undiminished, 
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laid  on  the  blank  sid#or  the  silver  paper  with  a  paint  brush,  where 
it  is  left  to  dry,  not  less  than  twelve  hours;  but  Mr.  Lukens  sUtes 
that  the  sun  should  by  no  means  be  permitted  to  shine  on  the  papers 
during  their,  drying,  for  in  every  instance  where  that  has  been  the 
case  the  column  has  been  rendered  inactive.  Great  care  must  also 
be  taken  in  tlie  selection  of  the  manganese,  as  what  is  commonly  sold 
in  the  shops  is  not  to  be  depended  on,  at  least,  Mr.  Lukens  has 
never  found  it  to  answer.  In  forming  the  disks,  he  places  a  num- 
ber of  the  sheets  together,  and  with  a  gun-wad  punch  cuts  them  out; 
they  are  then  arranged  in  the  glass  tubes,  with  the  silver  side  up  in 
one  column,  and  the  manganese  up  in  the  other.* 
Battery  of  metal  and  air, 

Mr.  Watkins  has  constructed  "  a  pile  of  perceptible  tension,"  with 
plates  of  zinc,  only  polished  on  the  one  side  and  rough  on  the  other, 
without  any  moist  conductor ;  they  are  placed  parallel  in  a  wooden 
frame  at  the  distance  of  1  or  2  millimeters,  so  that  there  is  a  thin 
layer  of  air  between  diem,  and  the  combination  is  air,  rough  zinc, 
smooth  zinc,  be.  and  the  rough  zinc  is  positive,  as  when  the  place 
of  the  air  is  occupied  by  a  liquid.f 

GALVANIC    TROUGHS    OB  BOXES. 

ThepUt  of  Volta  bad  done  wonders  for  galvanism,  hulii  received 
an  important  modification  from  Mr.  Cruickshanks^X  who  substituted 
plates  for  disks  of  metal,  and  gave  them  a  new  arrangement. 

1.  The  plates  are  placed  in  a  trough  or  long  box  of  mahogany  or 
other  firm  dry  wood,^  and  cemented  in  grooves  cut  at  right  angles  lo 
the  sides.  The  distance  of  the  plates  may  vary  from  f  to  f  of  an 
inch,  or  more,  according  to  the  size  of  the  plates. 

2.  The  zinc  plates  may  be  cast  in  sand,|[  or  more  accurately  in  a 
brass  mould.  When  they  are  4  inches  in  diameter  they  may  be  i 
of  an  inch  thick;  a  thin  plate,  as  long  as  it  is  sound,  is  as  powerful  as 
a  thick  one,  and  there  is  no  reason  for  ever  casting  them  thicker  than 
is  mentioned  above,  except  to  have  them  last  longer. 

3.  The  copper  may  be  the  thinnest  that  is  used  for  the  sheathing  of 
ships  ;  the  plates  are  to  be  cut  to  the  proper  size  and  soldered  to  the 
zinc  at  the  edges,  for  about  \  of  an  inch  in  width. 

4.  The  plates  should  be  arranged  in  the  trough  in  one  order ^  as  cop- 
per, zinc ;  copper,  zinc ;  copper,  be;  which  must  not  be  reversed,  and 
when  different  batteries  are  connected,  the  copper  termination  of  one 

*  Communicated  by  Mr.  Lukens,  in  a  letter,  at  the  request  of  the  author. 

t  Edtn.  Jour.  July,  1830,  and  Am.  Jour.  Vol  six,  p.  376. 

X  Of  Woolwich,  EnfT. 

\  I  have  seen  Uiem  of  deal,  and  I  have  often  had  them  made,  of  the  common  wild 
eherry  of  this  country,  but  mahogany  is  preferable. 

II  I  have  hpd  them  cast  very  well  in  that  manner,  but  generally  in  a  brass  mould, 
in  which  case  they  are  more  smooth  and  regular. 
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should  be  opposite  to  the  zinc  termioation  of  the  other ;  large  bat- 
terries  should  be  connected  by  strips  of  copper  or  lead,  or  by  large 
rods  of  lead  or  other  metal ;  not  by  small  wires. 

6.  Cement  and  cementing. — ^Yellow  wax  4  oz.  rosin  8  oz.  and  1 
oz.  6ne  brick  dust,*  or  rosin  6  lbs.  dry  red  ochre  1,  dry  plaster  of  Pa- 
ris i  lb.,  and  i  of  a  pint  of  linseed  oil ;  the  latter  makes  the  cement 
tough. 

The  plates  and  trough  are  well  warmed,  and  hot  cement  is  poured 
in  till  it  floats,  i  of  an  inch  deep ;  thei  warm  plates  are  now  pushed 
into  the  grooves  quite  to  the  bottom,  and  when  the  cement  is  cool,  a 
slip  of  board  is  tacked  to  the  top  edge  of  one  of  the  sides,  so  that 
when  the  trough  is  laid  flat,  there  is  an  interval  between  the  board 
and  the  plates,  into  which  very  hot  cement  is  to  be  poured,  and  it  will 
flow  between  the  pairs  of  plates  so  as  to  cement  one  side  of  all  the 
cells  perfectly ;  the  other  side  may  be  treated  in  the  same  way,  and 
then  the  instrument,  being  cleaned  and  varnished,  is  fit  for  use.  This 
method  of  construction,  which  I  have  often  practised,  although  not  the 
most  economical  of  power,  is  so  simple  and  easy,  that  I  have  generally 
preferred  it,  especially,  as  the  instruments  are  used  with  litde  trouble. 

PORCELAIN    TROUGHS. 

These  are  now  in  general  vse^  and  are  strongly  recommended  by 
the  more  perfect  insulation  established  between  their  cells,  which,  as 
the  divisions  are  also  of  porcelain  and  form  a  part  of  the  box,  are 
not  liable  to  leak  into  each  other;  the  entire  box  is  also  tight,  and  is 
protected  from  fracture  by  an  exterior  box  of  wood. 

1.  The  plates  are  connected  by  meiallic  arcs,  so  placed,  that  they 
bestride  the  divisions  of  the  trough,  and  the  plates  in  any  particular 
cell  are  always  one  of  copper  and  one  of  zinc ;  they  belong  how- 
ever, not  to  the  same  pair  but  to  different  pairs.  Usually  ten  pairs  of 
plates  are  arranged  in  one  trough  ;  they  are  screwed  to  a  beam  of 
wood,  and  the  action  can  at  any  moment  be  suspended,  by  lifting 
them  out ;  and  by  suspending  them  over  the  trough,  they  can  be  at 
any  time,  let  down  into  the  acid  again. 

2.  This  mode  of  construction  is  excellent,  except  that  it  requires  a 
large  quantity  of  fluid,  for  the  cells  must  be  so  wide  that  the  contig- 
uous plates  will  not  touch  when  immersed,  and  they  must  also  admit 
of  the  easy  plunging  of  the  pairs  of  plates,  so  that  a  zinc  and  a  copper 
of  different  pairs,  should  always  be  in  the  same  cell ;  for  it  takes  con- 


•  For  general  electrical  purposes,  rosin,  6  lbs.  bees  wax,  1  lb.  red  ochre,  I  lb. 
plaster  of  Pari^,  2  table  spoonfulls;  the  two  latter  Ingredients  to  be  very  dry  and 
added  when  the  rest  are  in  complete  fusion.  Another  well  adapted  to  large  Voltaic 
batteries.  Is  composed  of  rosin,  6  lbs.  red  ochre,  1  lb.  plaster  of  Paris,  ^  lb.  and  ^ 
pint  of  linseed  oil. — Singer.  The  first  named  in  the  text  should  have  a  proportion 
of  wax  somewhat  larger,  as  the  cement  is  otherwise,  prone  to  crack  ;  that  defect 
is  remedied  by  the  oil  in  the  second.  In  these  ceroent^,  ochre  is  not  so  good  as  the 
brick  dust  as  it  creates  an  effervescence  and  inflates  the  cement,  hut  this  vrould 
doubUess  be  prevented  by  previously  igniting  it. 
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siderable  time  to  arrange  a  large  se- 
ries, and  the  loss  of  power  is  great 
before  we  can  bring  it  to  bear  on  the 
subject  of  experiment.  The  an- 
nexed wood  cut,  being  intelligible 
from  inspection,  needs  no  expla- 
nation. 

3.  Dr.  Hare  effected  the  insula- 
ting  of  the  plates  by  using  hollow 
elass  parallelopipedsy  cemented 
into  a  wooden  trough,  which,  by 
turning  upon  pivots,  enabled  the 
acid,  at  any  moment,  to  run  off  from 
the  plates  into  a  receptacle  forming  a  part  of  the  box,  and  from  which, 
by  revolving  in  the  opposite  direction,  it  might  run  back  again  upon 
the  plates. 

4.  It  is  obvious,  that  the  instrument  just  described  is  on  the  prin- 
ciple of  the  Couronne  de  Tosses  of  Volta,  and  the  same  object  has 
been  effected  by  cementing  glass  partitions  into  mahogany  troughs, 
and  introducing  tlie  plates,  connected  in  pairs  by  a  metsdlic  strap,  as 
above. 

6.  I  had  a  battery  of  one  hundred  and  fifty  pairs  of  six  inch  plates 
constructed  upon  this  plan,  and  I  obviated  the  necessity  of  having 
large  cells  by  using  an  instrument  of  wood  shaped  like  a  combf 
by  thrusting  this  in  between  the  plates  I  was  enabled  to  guide  them 
correctly,  and  the  battery  was  very  efficient ;  but  the  glass  plates 
were  often  broken,  and  as  they  became  frequently  loose,  I  have  not 
renewed  this  construction. 

6.  It  was  expected  also,  that  in  such  an  apparatus,  in  consequence 
of  the  exposure  of  a  double  surface  of  metal,  a  veiy  great  increase  of 
power  would  be  obtained ;  the  power  is  higher,  but  by  no  means  in  the 
ratio  expected,  while  the  greater  expense  in  the  first  cost  and  also  in 
the  larger  quantity  of  fluid  required  in  using  it,  with  the  much  more 
rapid  waste  of  the  zinc  plates,  make  it  doubtful,. whether,  on  the  whole, 
iris  a  very  serious  improvement,  unless  we  surround  the  zinc  entirely 
by  copper,  at  the  edges 

as  well  as  the  sides.  Cruickshanks^  Battery^ 

7.  The  number  of 
plates  in  a  trough  and 
the  distance  of  the  pairs 
must  be  regulated  by  their 
size;  the  number  should 
be  diminished,  and  the 
distance  of  the  pairs  in- 
creased, as  the  size  is 
augmented. 
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ZINC    SURROUNDED   BT   COPPER. 

The  power  of  galvanic  batteries  is  very  considerably  increased,  by 
surrounding  the  zinc  on  all  sides  tviih  copper,  agreeably  to  the  sug- 
gestion and  example  of  Dr.  Wollaston. 

Dr.  Robert  Greenhow,  of  New  York,  in  1822,*  invented  an  ex- 
cellent battery  upon  tliis  construction ;  the  copper  is  folded  into  tight 
cells,  which  contain  both  the  zinc  and  the  acid,  and  the  other  pecul- 
iarities will  be  understood  from  the  annexed  figures  and  description, 
abridged  from  that  of  the  author.f 


Fig.  1.  Plate  of  rolled  zioc,  with  a  projecdoD  to  receive  the  copper  slip  tliat  forms 
the  connexion  between  a  copper  cell  and  the  zinc  plate  of  the  next  cell. 


•  Med.  and  Phys.  Jour,  of  New  York,  Vol.  ii. 

t  Eng.  Quar.  Jour.  Vol.  xxviii,  p.  72.  In  Dr.  Brewster's  Edin.  Jour.  Vol.  iy,  p.  19, 
under  date  of  August,  1826,  there  is  a  description  of  a  similar  apparatus,  by  John 
Hart;  there  is  nothing  in  which  it  diflera  materially  from  the  apparatus  of  Dr.  Green- 
how,  who  b,  without  doubt,  the  inventor  of  this  very  neat,  economical  and  efficient 
battery ;  his  first  publication  is  three  years  in  advance  of  that  of  Mr.  Hart  Mr. 
Hart's  copper  cells  hang  centrally  under  the  beams,  and  the  zinc  plates  are  sus- 
pended and  support  the  cells. 
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2.  Copper  cell,  open  at  top  vid  every  where  elee  cloeed. 

8.  Copper  sheet,  marked  with  slits,  a,  a,  a,  a,  and  lines,  for  folding  U  accantely, 
to  form  the  cell. 

4.  U,  varnished  iron,  soldered  to  a  copper  cell,  to  support  it  from  the  cooimoD  btfr, 
B;  Z,  zinc  plate,  with  its  projecting  piece ;  S,  copper  connecting  slip;  the  zinc  plat» 
U  prevented  from  touching  the  copper,  by  slittcd  pieces  of  wood,  boiled  in  copal  var- 
»lih ;  the  copper  plate,  suspensory  and  connecting  slip,  are  well  Tarnished  on  tiie 
outside,  and  also  the  soldered  part  within. 

6.  End  view  of  the  whole  instrument  in  action. 

6.  Front  riew.  T,  trough  of  wood,  to  contain  the  exciting  fluid ;  W,  W,  uprights, 
Qotched  to  receive  the  suspending  bar;  there  are  wires  also,  to  complete  the  circuit 
between  the  poles.  The  action  is  suspended  by  emptying  the  cells,  and  renewed 
by  immersing  and  lifting  them  by  the  bar,  which  is  again  placed  in  the  notches. 
When  the  cells  are  entirely  immersed,  there  is  very  little  power  in  heating  a  wire 
of  given  dimensions,  but  on  lifting  the  plates  out  it  is  instantly  heated  to  a  high  de- 
gree. This  instrument  is  compact ;  the  cells  are  half  an  inch  wide  and  one  fiourtfa  of 
an  inch  apart,  and  therefore  a  great  power  may  be  comprised  within  a  small  space. 

SIZE  OF  GALtANic  BATTERIES  tn  rdcUton  to  tUUiiy, 

We  have  it,  on  the-  authority  of  Prof.  Davy,  that  all  the  experi- 
ments by  which  he  made  his  early  galvanic  discoveries,  "  may  be  re- 
peated by  means  of  a  Voltaic  battery,  containing  from  100  to  150 
i)lates,  of  four  or  six  inches,"  and  most  of  his  operations  were  per- 
brmed,  with  a  power  of  100  plates  of  six  inches.* 

1.  Batteries  of  different  sizes  and  powers  are  adapted  to  diflerent 
purposear.  TTie  most  mejvl  are  composed  of  plates  from  4  (o  6  inches 
m  diameter, 

2.  If  the  surface  of  metal  be  given,  the  power  of  giving  a  shock 
to  the  animal  frame,  and  of  decomposing  compound  substances^  is 
directly  proportioned  to  tne  number  of  plates^  while  the  potver  of 
burning  the  metals  and  of  igniting  charcoal  is  dependent  on  the  size 
of  the  plates.  A  battery  of  50  plates  whose  diameter  is  twelve 
inches,  is  very  powerful  in  burning  the  metals  and  in  igniting  char- 
coal, but  does  not  give  a  very  strong  shock,  while,  if  the  same  plates 
be  cut  down  into  200  of  6  inches  in  diameter,  the  power  of  burning 
the  metals  and  d[  igniting  charcoal,  will  be  found  to  be  greatly  re- 
duced, while  that  of  producing  the  shock  and  of  decomposing  com- 
pounds will  be  greatly  increased. 

3.  If  we  are  to  have  plates  of  but  one  size,  and  arranged  in  bat- 
teries of  the  common  construction,  four  inch  plates  should  be  prefer- 
red ;  200  pairs  will  be  efficient  in  giving  shocks  and  producing  de- 
compositions, and  double  that  number  will  produce  brilliant  defla- 
grations ;  100  pairs  of  6  inch  plates,  in  good  condition,  will  be 
very  efficient  in  all  experiments  of  fusion  and  ignition ;  and  6  inch 


*  Bv  observing,  with  care,  the  excellent  directions  given  by  Mr.  Faraday,  (Chem- 
ical Manipulation,)  a  much  smaller  number  of  plates  will  answer  for  a  private  expe- 
rimenter, provided  he  allows  sufficient  time  for  the  eflects ;  in  the  rapid  demonstra- 
tiooB  of  a  public  lecture,  a  higher  power  is  desirable. 
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phUes  are  about  a  proper  medium  for  deflagrations  and  decomposi- 
tions; but  those  of  2  or  3  inches  will  answer  for  shocks  and  for 
some  decompositions. 

4.  As  a  minimum,  to  produce  the  muscular  shock,  Mr.  Wilkinson 
found,  that  with  a  battery  of  600  plates  of  about  half  an  inch  square, 
the  shock  was  violent,  but  grew  feebler  at  every  touch  till  it  was 
scarcely  perceivable  at  the  tenth  shock ;  but  when  it  had  been  left  about 
five  minutes,  the  strength  was  recovered,  and  so  on  at  equal  intervals. 

5.  In  general,  there  is  no  verceptible  difference  between  the  shock 
perceived  from  a  certain  nwawer  of  smaU  or  large  plates^  nor  in  the 
decomposing  povfer^  except  so  far  as  it  depends  on  beat. 

6.  It  appears^*  however^  that  the  power  of  batteries  whose  indi- 
vidual plates  have  equal  surfaces^  is  as  the  number.  The  number  of 
the  plates  bemg  fixed,  the  power  of  ignition  increases  in  a  very  high 
ratio  unth  the  increase  of  the  surface,  probably  higher  even  than  me 
square. 

7.  Very  small  and  very  large  batteries  ought  not  to  be  connected, 
e.  g.  6  mch  or  10  inch  pktes  with-  i  inch,  but  those  of  the  two  for- 
mer sizes  may  go  together. 

CALORiMOTOR,  invented  by  dr.  har£,  in  1819. 


1    The  Entire  instrument  ready  to  be  plunged.    2.  A  view  of  the  top  of  the  plates. 

Remarks. — Dr.  Robert  Hare,  Professor  of  Cliemistrv,  &c.  in  the 
University  of  Pennsylvania,  was  led  to  the  invention  of  tliis  instru- 
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•  Davy's  Klements,  p.  87. 
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meot  by  reflectiDg  that  *'  as  die  number  of  paiis  in  Volta's  pile  bad 
been  extended,  and  their  size  and  the  number  and  enei^  of  intra'- 
posed  agents  lessened,  the  ratio  of  the  electrical  eSects  to  those  of 
heat  had  increased  ;  till  in  De  Luc's  column  thej  had  become  com- 
pletely predominant,  and  on  the  other  hand,  when  the  pairs  were 
made  larger  and  fewer,  (as  in  Children's  apparatus,)  the  calori6c  in- 
fluence had  gained  tlie  ascendancy ;  he  was  therefore  led  to  go  far- 
ther in  this  way,  and  to  examine  whether  one  pair  of  {dates  of  com- 
mon size,  or  what  might  be  equivalent  thereto,  would  not  exhibit  heat 
more  purely,  and  demonstrate  it  to  be,  equally  with  the  electric  fluid, 
a  primary  product  of  Galvanic  combinadons."^ 

1*  With  this  view.  Dr.  Hare  constructed  a  nngle  pair  m  vMch 
20  coppery  aliemating  ai  the  distance  of  half  an  inchj  vnth  20  zinc 
plfiteSf  each  about  nineteen  inches  square^  were  supported  vertically  in 
a  frame f  and  all  the  plates  of  the  same  metal  were  soldered  to  one 
metallic  bar^  so  that  they  formed  but  oneplaie^  and  both  kinds  of  met-- 
al  but  one  pair.  When  the  poles  of  this  apparatus  were  connected 
by  a  wire,  and  the  plates  were  all  plunged  into  the  same  portion  of 
acid  contained  in  a  vessel  without  partidous,  the  wire  became  intense- 
ly ignited,  and  often  kindled  the  hydrogen  gas,  when  that  gas  was 
evolved.  There  is,  in  the  mean  dme,  no  other  indicadon  of  electri- 
city than  a  slight  taste,  such  as  a  piece  of  zinc  and  another  of  alver, 
not  an  inch  square,  will  produce,  when  made  to  touch  over  the  pobi 
of  the  tongue,  as  in  the  original  experiment  of  Sultzer. 

2.  Dr.  Hare  found,  that  when  all  the  zinc  plates  were  artanged 
on  one  side,  and  all  the  copper  on  the  other,  without  alternation,  the 
effect  was  no  greater  than  might  be  expected  from  one  pair  of  plates. 

Alternation  then  is  necessary  to  the  greatest  effect,  and  it  was  at- 
tained by  Dr.  Patterson  and  Mr.  Lukens,  by  using  "  two  continuous 
sheets,  one  of  zinc  die  other  of  copper,  wound  into  two  concentric 
coib  or  spirals;"  this  apparatus  produced  ignition  without  sensible 
electricity.  In  a  similar  apparatus  constructed  by  Mr.  R.  Peale, 
and  in  another  by  Mr.  Wetherill,f  the  former  one  third  more  exten- 
sive than  that  ol  Dr.  Hare,  and  the  latter  twice  as  extensive,  the 
power  was  found  to  lessen  as  the  size  was  increased,  for  neither  of 
these  coiled  pairs  would  produce  a  heat  above  redness  in  the  smaUest 
wires. 

3.  In  another  modification  of  his  apparatus  of  large  plates,  Dr, 
Hare  caused  ten  zinc  plates,  on  one  side,  to  be  connected  with  ten  of 
copper  on  the  other,  the  ten  remaining  plates  of  the  same  name,  on 
each  side,  being  connected  with  each  other,  and  finally  the  con- 
nexion between  these  now  great  plates,  the  one  of  copper  and  the  other 


•  Am.  Jour.  Vol.  i,  p.  416. 

t  These  iDstnimcDb  were  con9trucletI  a  year  or  two  before  those  of  Col.  Oflerhaus 
«nd  Mr.  Pepys. 
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ofzincy  being  established  at  the  polesy  by  a  metallic  mre,  it  became 
vividly  ignited  and  burned  as  soon  as  the  mass  of  plates,  forming  but 
two  huge  alternating  pairs,  were  immersed  in  a  common  vessel  with- 
out partitions.  Mr.  Peale,  at  Dr.  Hare's  suggestion,  separated  the 
two  surfaces  of  his  great  coils  into  four  alternating  ones,  so  as  to  con* 
stitute  two  galvanic  pairs  in  one  recipient,  when  it  easily  burned  iron 
wire  and  fused  platinum.* 

This  is  the  construction  of  a  calorimotor  in  my  possession,  made 
under  the  direction  of  Dr.  Hare;  the  plates  are  18  inches  square  ; 
there  are  9  of  zinc  on  one  side,  alternating  with  10  of  copper,  and  10 
of  zinc  on  the  other  side  alternating  with  1 1  of  copper,  40  plates  in 
the  whole,  and  90  square  feet  of  surface  ;  the  outside  plate  is  cop- 
per on  both  sides,  so  that  the  zinc  surfaces  are,  every  where,  oppos- 
ed to  copper,  and  this  is  all  the  insulation  that  there  is,  as  the  cubical 
box  into  which  they  are  plunged  has  no  partition.  The  plates  are 
connected  by  large  bars  of  tin,  gashed  by  a  saw,  so  as  to  receive  the 
metals,  which  are  secured  also  by  solder,  and  the  alternating  plates 
are  cut  down,  so  as  not  to  be  in  the  way  of  the  bars  that  connect  the 
opposing  surfaces.  J^ot  only  alternation  of  the  plates  but  a  repeti- 
ttonf  ^the  pairs y  to  at  least  two,  is  necessary  to  produce  an  intense 
calorific  effect,  the  quantity  being  as  the  size,  and  the  intensity  as  the 
number  of  the  series. 

The  calorimotor  will  be  mentioned  again  when  we  speak  of  the 
efiects  of  galvanism.  Its  principal  obvious  eflfect  is  to  produce  a  great 
flow  of  heat  with  very  little  electrical  excitement  j  in  this  view,  it  is  a 
peculiar  and  interesting  instrument,  and  the  name  given  by  the  invent- 
or is  entirely  appropriate ;  he  might  also,  (as  will  appear  farther  on) 
with  almost  equal  propriety,  have  called  it  a  magnetimotor. 

DEFLAORATOR,  invented  by  Dr.  Hare,  in  ]831.| 

Remarks. — Having  arranged  an  apparatus  of  300  pairs  of  small 
plates  in  such  a  manner  that  they  could  all  be  plunged  nearly  at  the 
same  time.  Dr.  Hare  found  that  a  platinum  wire,  (No.  16,)  was  read- 
ily melted  by  it.  All  persons  conversant  with  practical  galvanism 
know,  that  much  of  the  energy  is  lost  during  the  filling  of  batteries,  and 
tliat  from  extensive  series,  shocks  are  often  given  tnrough  the  floor. 

*  Dr.  ThogoJOD,  in  bis  late  work  on  Heat  and  Electricity,  has  described  Dr.  Hare's 
first  caloriiuotor,  conHistiug  of  one  pair  of  plates,  but  he  has  not  mentioned  the  second 
and  far  wore  efficient  calorimotor,  consisting  of  two  pairs,  a  construction  which  is 
altogether  essential  to  the  peculiar  character  of  the  instrument ;  it  is  described  by  Dr. 
Hare  in  the  same  memoir  with  the  first,  (Am.  Jour.  Vol.  i.)  and  it  Is  quite  necessary 
to  talce  it  into  view  in  order  to  do  justice  to  the  scientific  as  well  as  practical  design 
of  the  inventor. 

f  It  is  not  true,  as  stated  by  some  authors,  that  a  given  quantity  of  surface  of  two 
metals  will  evolve  as  much  heat  when  in  one  pair  as  in  two ;  whether  more  than 
two  pairs,  (the  surface  being  the  same,)  would  increase  die  heat,  has  not  I  believe 
been  determined.  X  ^ii-  Med.  Jour. ;  Am.  Jour,  of  Science,  Vol.  iii,  p.  10». 
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Sir  H.  Davy  nienlion&  this  with  respect  to  the  great  battery  of  the 
Royal  Institution,  which,  although  liaving  the  double  insulation  of 
dry  wood  and  porcelain,  could  not  be  made  to  act,  exclusively, 
through  its  true  poles,  and  when  in  action,  shocks  were  constandy 
received  from  it  by  the  bystanders.* 

From  both  these  causes,  much  power  being  uselessly  expended, 
it  occurred  to  Dr.  Hare,  that  the  maximum  of  efiect  in  galvanic  bat- 
teries of  a  given  size,  had  never  been  attained. 

This  reflection  led  to  the  construction  o{  the  first  deflagrati^^vrlach 
uctHnpo^ed  of  concentric  coils  of  copper  and  zinc^  connected  by  anAes 
rf  metal,  and  auspended  by  a  beam  and  levers ^  so  thai  the  metals  may 
descend  into  or  rise  out  of  the  acid  in  an  instant.  The  zinc  sheets 
are  9  inches  by  C;  the  copper  14  by  6;  for  the  copper  was  made  lo 
surround  the  zinc,  forming  a  complete  cylindrical  case,  and  being, 
every  where,  opposed  to  the  zinc  within,  at  tlie  distance  of  one  fourth 
of  an  inch,  and  the  plates  are  kept  from  touching  by  slips  of  wood. 

At  firsts  this  apparatus  was  arranged  in  one  row  of  80  double  coils, 
each  2}  inches  wide,  but  afterwards  it  was  divided  into  two  of  40  douMe 
coils  each,  placed  parallel  and  properly  connected ;  and  in  both  cases 
they  were  made  to  descend  into  cylindrical  glass  jarsj  containing  the 
diluted  acid  or  aceto-saline  fluid.  Subsequently  the  gkss  jars  were 
removed  and  the  coils  were  allowed  to  descend  freely  into  a  comnum 
fiuidj  contained  in  tu»  parallel  troughs^  unihaui  partUionSf  and  to 
prevent  coipmunication,  placed  a  few  inches  apart,  with  nothing  but 
dry  air  between.  I  will  not  now  speak  of  the  splendid  effects  which 
I  have  often  witnessed  with  this  fine  instl-ument,  but  will  merely  add 
that  although  it  undoubtedly  acts  with  rather  more  energy  when  the 
glasses  are  used,  still  the  difference  is  not  sufficient  to  compensate  for 
the  additional  expense  and  trouble.  With  four  rows  of  coils,  each 
containing  40,  in  the  whole  160  double  coils,  of  zinc,  9  by  6,  and 
copper,  6  by  14,  suspended  from  one  support  and  simultaneously 
plunging  into  four  distinct  parallel  troughs,!  find  all  the  energy  and  con- 
venience that  can  be  desired .  TAtj  form  of  the  deflagrator  affords  the 
advantage  of  large  plates  unthin  moderate  dimensions;  but  Dr.  Hare 
has  since  contrived  other  forms,  which  are  still  more  compact,  and, 
in  proportion  to  tlie  surface,  equally  or  perhaps  more  efficient. 

In  all  his  instruments,  the  usual  division  of  the  boxes  into  cells  be- 
ing omitted,  it  is  indispensable  that  the  zinc,  be  surrounded  by  cop- 
per ;  the  copper  cases  are  open  at  lop  and  bottom.f     In  order  to 

*  In  operating  with  a  battery  of  720  pairs  of  four  ami  six  inch  platc«,  in  troughs 
of  dry  mahogany,  altliough  supported  by  glass  or  jiorcelaia,  considerable  shocks 
are  often  received  by  myself  and  assistants,  through  the  stream  of  diluted  acid, 
and  the  wet  pitcher  fi-om  which  it  ia  poured,  the  circuit  being  completed  by  the 
penon  and  the  molift  floor. 

t  Hm  flaid  flows  in  from  below,  and  the  top  is  kept  open  to  admit  of  the  withdraw- 
big  of  an  injured  plate. 
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unite  this  requisite  with  the  utmost  compactDess,  Dn  Hare  has  adopt- 
ed  the  form  of  flat  hollow  copper  cases^  into  which  the  zinc  plata 
are  made  to  slule^  being  secured  in  their  places,  and  prevented  from 
actual  contact  with  the  copper,  by  grooved  pieces  of  wpod,  which  re- 
ceive the  edges  of  the  zinc  and  rest  agabst  the  inside  of  the  cop- 
per cases,  at  their  ends ;  each  zinc  plate  is  connected  by  a  metallic 
arc,  with  the  next  copper  case,  and  so  on  through  the  whole  series ; 
these  compound  pairs  are  then  packed- together,  either  with  paste- 
board soaked  in  shell  lac,  or  with  thin  pieces  of  veneering  wood^  be- 
tween them. ;,  they  thus  form  one  mass,  to  which  the  acid  has  access 
only  at  the  top  and  bottom,  where  the  cases  are  open.  Thus,  the 
advantages  of  surrounding  the  zinc,*  by  the  copper,  with  the,  greatest 
possible  compactness,  and  the  least  possible  expenditure  of  acid  ar$ 
combined.  .  In  one  variety  of  construction,  the  copper  cases  hang 
by  projections  attached  to  the  zinc,  from  a  beam  of  wood,  and 
are  eitlier  allowed  to  descend  into  the  acid,  contained  in  troughs 
below,  or  tlie  beams,  with  their  suspended  cases,  being  stationary, 
the  troughs  containing  the  acid  are,  by  a  simple  mechanical  construc- 
tion, made  to  ascend  to  them,  so  that  in  either  case,  the  plates  are 
instantly  immersed  or  uncovered,  at  pleasure. 

In  the  last  construction  of  Dr.  Hare^  the  metals  are  fixed  in  a  boXf 
which  is  made  to  revolve  on  pivots,  and  thus,  by  a  quarter  of  a  revolu- 
tion, the  add  is  throtvn  entirely  off,  into  another  box,  attached  at 
right  angles  to  tlie  first,  and  by  reversing  the  revolution  at  pleasure, 
the  add  returns  upon  the  plates.  The  copper  cases  used  by  Dr. 
Hare  are  7  inches  long  by  3  wide,  and  half  an  inch  thick.f  This 
form  of  the  apparatus,  besides  greater  compactness,  has  one  impor- 
tant advantage  over  that  with  coils,  that  the  zinc  plates,  when  corrod- 
ed, are  more  easily  withdrawn,  without  disturbing  so  much  the  struc- 
ture of  the  apparatus,  but  it  is  not  possible,  within  boxes  c^  moderate 
size,  to  have,  as  in  the  other  form,  very  large  plates. 

It  is  obvious,  that  in  all  Dr.  Hare's  modes  of  construction,  thefoU 
lovnng  advantages  are  attained,  in  a  degree  far  greater  tlian  in  the 
usual  modes  of  construction. 

1.  The  greatest  compactness,  as  regards  the  space  occupied. 

2.  The  greatest  economy,  in  the  quantity  of  the  fluid. 

3.  The  saving  of  much  trouble  and  expense,  in  constructing  insu- 
lating  ceUs. 

4.  The  instantaneous  evolution  and  application  of  the  power  at  its 
maocimum,  without  loss  either  of  time  or  energy. 

6.  The  instantaneous  suspension  of  the  action  and  its  renewal,  at 
pleasure,  without  loss  of  metal,  acid  or  time. 

*  The  copper  may  be  seztupled,  with  always  an  increased  enorvy;  beyond  that 
the  iDcreaae  of  enerey  is  slower. — Morriehini.    See  Thomson  on  Heat,  &c.  p.  514. 

f  This  ia  the  thickness  of  the  entire  parallelepiped,  fhe  copper  of  which  may  be 
the  thinnest  that  is  roUed  (or  sheathing  ships. 


654  GALVANISM. 

6.  To  a  demonstrator  of  gaivanisniy  en6re  freedom  from  kurrymid 
embarrat$ment ;  for  while  he  is  reasoning  and  explaining,  the  actkm 
may  be  suspended,  and  die  instruments  are  not  losbg  but  are 
even  gaining  in  power.* 

Revolving  Defiagrator  of  Prof  De  Butts. ^^  An  account  of  this  ele- 
gant form  ofthe  galvanic  battery,  was  published  by  Dr.  E.  De  Butts, 
Professor  of  Chemistry  in  the  University  of  Maryland,  in  the  Ameri- 
can Journal  of  Science,  Vol.  viii,  p.  271,  (1824,)  and  1  must  refer 
the  reader  to  the  memoir  and  the  plate  for  the  details  of  its  coDstruc- 
tion.  The  ahemadng  zinc  and  copper  plates  are  each  39  incfaes  in 
diameter,  and  are  fixed,  in  groups  of  30,  between  a  pair  of  external 
parallel  wheels  of  strong  plank,  attached  to  an  axis  and  distant  10 
mches  apart,  within  which  space  the  30  alternating  parallel  plates  are 
contained  and  properly  secured.  There  are  four  such  groups  of  plates 
arranged  upon  one  axis,  at  the  distance  of  2  inches  between  tbecoih 
tiguous  systems  of  metallic  plates,  contained  between  the  pairs  of 
wooden  wheels,  and  there  are,  in  a  single  cistern,  (the  form  of  which 
is  a  hollow  parallelopiped,)  four  distinct  compartments,  contaiDing  the 
acid  fluid.  Into  these,  the  different  groups  of  plates,  duly  connected, 
are  made  simultaneously  to  descend,  by  half  a  revolution,  and  thus 
the  maximum  of  energy  of  this  great  number  of  large  plates  is  ob- 
tained, and  of  course  the  plates  are,  with  equal  facility,  raised  into  die 
air  again  and  the  action  suspended.  When  immersed  in  water  contain- 
ing ^\  of  nitric  acid,  Dr.  De  Butts  found  it  impossible  to  6x  plati- 
num wire,  j\  of  an  inch  thick  and  several  inches  long,  in  the  pincers, 
as  it  melted  instandy,  when  in  contact  with  the  poles  ;t  this  instrument 
readily  melted  other  metals  and  ignited  charcoal  intensely;  it  pro- 
duced powerful  magnetic  eflfects,  but  gave  neither  shock  nor  decom- 
position. It  is  obvious^  that  if  this  ingenious  arrangement  had  admit- 
ted of  having  the  zinc  insulated,  by  being  surrounded  by  the  copper, 
it  would  then  have  given  the  shocks  and  decompositions. 

•  Dr.  Hare*«  g&tvaintc  instruments  have  so  decided  a  superiority  over  those  of  tke 
common  construction,  that  I  am  willing  to  state,  as  In  the  text,  the  result  of  inyo^ 
experience  with  tkem  during  eight  or  ten  years,  and  that  of  many  other  teachers  m 
this  country  mif^ht  be  cited,  in  support  of  the«e  statements.  Still  the  d^gr^ 
appemn  to  be  Sut  imperfectly  known  in  Europe.  Dr.  Thomson  roenlioiw,  tfiai 
some  instrument  of  a  rimiiar  construction  is  used  by  Prof.  Oersted,  but  I  have  seen 
no  other  notice  of  it;  tho  calorimotor  is  indeed  used,  but  the  important  distificoM 
between  that  with  one  and  with  two  pairs  of  plates  id  not  always  attended  ^?iJ^ 
even  the  most  respectable  and  accurate  authors  frequently  confound  the  caIonn»oB)r 
amJ  defiagrator,  (Dr.  Henry,  llUi  ed.  Vol.  ii,  p.  187,)  or  restrict  the  name  ofthtvti' 
ter  to  tiie  flat  cues,  without  including  the  coils,  ( 1  >r.  Thomson  on  Heat,  &c.  p^; 
The  name  defiagrator  implies  the  peculiar  power  which  belongs  to  all  these  }^^^ 
ments,  in  a  far  greater  degree  than  to  any  other  of  equal  surface,  in  9^^'^^^ 
icnition  of  charcoal  and  the  combustion  of  metals,  and  the  principal  cause  of  tuif*' 
that  the  power  is  used  at  its  maximum.  .     ^ 

t  This  fact  strikingly  UluaCrates  the  power  of  the  instrument,  but, doubtieiiv" 
ingenious  inventor  obviated  this  difficulty  by  fixing  the  wires  before  the  ijdbi«iw"« 
as  Is  done  wid)  the  other  deflagrators. 
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Dr.  De  Butts  also  constructed  otber  batteries  of  smaller  plates,  ar- 
ranged upon  the  same  plan ;  in  one  of  these  the  plates  were  8  inches 
in  diameter,  and  it  contained  48  of  zinc  and  96  of  copper. 

LARGEST*  AND  SMALLEST  BATTERIES. 

1.  The  great  battery  of  the  Royal  Institution  is  the  largest  in  the 
world ;  it  consists  of  2000  pairs  of  double  plates,  each  4  inches 
square,  arranged  in  cells  of  porcelain  in  200  troughs ;  the  entire  sur- 
face is  128,000  square  inches. 

2.  The  great  battery  constructed  by  order  of  J^apoUon^  consisted 
of  600  pairs  of  plates  almost  11  inches  square,  and  exposed  nearly 
500  feet  or  72,000  square  inches  of  surface  \  beside  this,  there  is  a 
series  of  1500  plates  of  smaller  size. 

3.  Mr,  ChUdren^s  batteries  are  composed,  the  one  of  20  pairs  of 
4  feet  by  2,  and  the  other  of  20  pairs  of  six  feet  by  2  feet  8  inches ; 
the  square  surface  of  one  side  of  one  plate  of  the  first  kind  is  8  feet, 
and  of  the  second,  16  feet. 

4.  Mr.  Pepys  constructed  a  single  galvanic  pair  for  the  London 
Institution  consisting  of  two  plates  only^  the  one  of  zinc  and  the  other 
of  copper,  coiled  around  a  cylinder  of  wood,  and  prevented  from 
touching  by  ropes  of  horse  hair ;  the  length  of  each  plate  is  50  feet, 
and  its  breadth  2,  the  entire  surface  being  400  square  feet;  this  bat- 
tery is  charged  by  immersing  it  in  a  tub  containing  the  dilute  acid,f 
and  it  is  remarkable,  chiefly,  for  its  magnetic  effects,  which  are  pow- 
erful, while  it  does  not  give  a  spark  with  charcoal  nor  deflagrate  me- 
tallic leaves,  and  it  ignites  only  very  small  portions  of  metallic  wires.]; 

5.  Dr,  TVollastonU  elementary  battery;  less  than  one  square  inch  of 
zinc  included  properly  in  a  copper  case,  and  plunged  into  diluted  sul- 
phuric acid,  ignited  a  platinum  wire  of  ^^^t  ^^  ^^  '^^^  ^  diameter.^ 

MEANS    OF    EXCITING    GALVANIC    BATTERIES. 

JSTo  very  efficient  battery  has  been  constructed  except  with  cdtema-' 
tin^  metals  and  fluids^  In  proportion  as  the  fluids  are  more  ener- 
getic in  their  action  upon  one  of  the  metals,  the  effect  is,  in  general, 
greater,  but  more  transient,  and  as  the  action  is  less  or  null,  as  m  the 
dry  batteries,  the  effect  is  feebler  but  more  lasting.  In  the  wet  bat- 
teries, oxygen  always  combines  with  one  of  the  metals,  and  when  the 
action  is  carried  on  under  a  receiver,  it  ceases  when  the  oxygen  is 
exhausted,  unless  the  fluid  supplies  that  principle  }  in  a  vacuum  or 

*  Dr.  Hare*8  instruments  will  be  mentioned  under  anotlier  head. 

t  PhiJ.  Trans. 

t  It  is  obvious,  that  by  arran^ng  in  two  alternating  pairs,  it  would  become  a 
powerful  calori  motor. 

§  Ann.  Phii.  Vol.  vi,  p.  209.  A  lady's  silver  thimble  flattened,  will  receive  a 
plate  of  zinc  so  as  to  form  an  elementary  battery  that  will,  as  stated  in  the  text,  ignite 
a  very  fine  platinum  wire. 
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in  an  atmosphere  of  carbooic  acid,  it  still  proceeds  prorided  the  fluid 
be  nitric  acid. 

1.  The  camties  between  the  plaie*  are  Jilled  with  some  saiine  or 
acid  fluid ;  those  generally  used  are  solutions  of  common  salt,  or 
alum,*  with  the  addition  of  a  portion  of  one  of  the  strong  acids ;  the 
sulphuric,  muriatic,  or  nitric ;  these  acids  themselves  are  the  most  ac- 
tive agents  for  exciting  the  galvanic  energy,  and  it  b  common  to  em- 
ploy a  saline  solution,  because  it  is  cheaper,  while  a  portion  of  acid  is 
added  to  increase  its  activity.  A  mixture  of  a  solution  of  commoo 
salt  and  muriatic  acid,  or  of  a  solution  of  alum  and  nitrous  acid  will 
answer  very  well,  but,  strong  nitrous  acid  diluted  witli  from  20  to  40 
parts  of  water  according  to  the  size  of  the  battery  is  the  best.  If  mu- 
riatic acid  be  used,  it  should  not  be  diluted  with  more  than  20  or  25 
parts  of  water;  its  action  is  tranquil  and  it  keeps  the  plates  clean. 

2.  One  pari  of  niiric  add  with  20  or  25  of  water  formt  a  very 
aeiive  mixture^  especially  for  deflagrations,  but  it  is  expensive  and  its 
action  is  short. 

3.  Sulphuric  acid  with  25  or  30  parti  of  water  is  very  activcy  but 
it  produces  so  much  heat  as  to  soften  the  cement  of  Cruickshank's 
batteries ;  the  hydrogen  gas  is  disagreeable  and  the  eflTect  is  transient; 
for  large  condnnations,  1  part  of  sulphuric  acid  and  1  of  nitric  mtk 
60  of  water  form  a  good  mixture ;  this  was  used  in  the  large  battery  of 
the  Royal  Institution  and  for  Mr.  Children's  great  battery.  The 
large  French  battery  was  usually  excited  by  1  part  sulphuric  acid, 
70  water,  and  9  or  10  of  common  salt.f 

4.  In  large  batteries  mixtures  of  the  nitric  acid  with  either  the 
sulphuric  or  muriatic  are  eligible;  I  have  found  the  following  pro- 
porti(X)s  very  good,  5  lbs.  of  nitric  and  the  same  of  sulphuric  acid  to 
1  barrel  of  water;  this  was  active  and  enduring;  the  same  proportioiis 
of  sulphuric  and  muriatic  acids  and  water,  formed  a  very  good  flwd, 
not  so  active  as  the  former,  but  it  acts  long,  and  leaves  the  plates  clean. 

Muriatic  acid  alone,  in  the  proportion  of  16  lbs.  to  a  barrel  of  wa- 
ter, is  sufficiendy  active  and  enduring. 

Sulphuric  ana  muriatic  acids,  in  the  proportion  stated  above,  with 
the  addition  of  a  portion  of  nitric  acid,  combine  all  the  advantage 
of  activity,  cheapness,  permanence,  and  cleaning  the  plates. 

5.  A  violent  action  produced  by  a  strong  actdy  affords  an  active 
wire  melting  power ^  but  it  injures  the  battery  and  is  very  transient ;  nor 
is  it  so  good  for  decompositions,  as  a  less  active  but  more  enduring 
mixture. 


*  Sal  ammoniac  is  the  most  active  of  the  s^\u ;  commoo  salt  diisolved  in  tinegar 
is  the  cheapest ;  good  vinegar  alone  answers,  but  it  creates  a  frotiiy  eflervescence. 
and,  as  it  will  not  bear  much  dilution,  it  is  not  very  cheap.  Saline  0oIutioBft»  besides 
being  weaker,  arc  prone  to  crystallize  on  the  plates. 

i  1  sulphuric  acid,  60  water,  and  2  nitre,  is  very  good. — j.  t. 
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Since  the  invention  of  the  deflagrator  we  have  no  longer  occasicm 
to  employ  very  strong  acids,  as  our  maximum  effect  is  much  greater 
than  could  be  obtained  before,  with  much  more  extensive  combi* 
nations.  • 

GALVANIC    polarity:   EXCITEMENT   BT    WATER. 

The  zinc  end  of  the  battery  is  positive^  and  the  copper  negative. 

If,  when  a  condensing  electrometer  is  not  affected  by  one  pair  of 
plates,  a  wet  cloth  is  laid  on  the  zinc,  the  instrument  will  commonly 
be  moved. 

In  an  excited  battery,  50  pairs  will  afiect  a  delicate  gold  leaf  elec- 
trometer without  the  aid  of  a  condenser;  100  pairs  wHl  cause  a  dis- 
tinct divergence,  and  by  1000  pairs,  pith  balls  are  made  to  diverge. 
A  wire  from  one  end  of  the  batter^  is  made  to  touch  the  cap,  and 
another  wire  from  the  other  end  of  the  battery  is  brought  into  con- 
tact with  the  foot  of  the  electrometer ;  the  nature  of  the  excitement 
is  then  determined  by  bringing  excited  glass  or  resin  near  to  the  cap 
of  the  electrometer.  The  facts  under  the  present  head,  are  derived 
chiefly  from  Mr.  Singer's  interesting  treatise. 

1.  A  galvanic  battery  is  capable  of  being  excited  even  by  common 
river  water^  and  although  its  other  eflTects  will  be  very  ieeble,  its 
power  of  affecting  the  electrometer  may  be  greater  than  when  it  is 
excited  by  the  usual  fluids,  and  the  electrical  effects  are  greatest  when 
the  chemical  action  is  least.* 

3.  100  pairs  being  charged  with  water,  produce  a  certain  effect 
on  the  electrometer  but  give  hardly  a  sensible  shock ;  with  very  di- 
lute muriatic  acid,  the  shock  is  much  increased,  but  the  effect  on 
the  electrometer  is  diminished.  In  experiments  with  from  100  to 
1000  groups,  common  river  water  constantly  produces  the  greatest 
electrical  effects. 

3.  The  real  increase  of  electricity  is  proved  by  the  interposition  of 
a  common  electrical  battery ^  between  the  poles  of  the  galvanic  battery. 

In  a  galvanic  battery  of  800  or  1000  pairs  of  plates  charged  with 
water,  a  very  faint  spark  only  is  obtained,  and  with  100  pairs  the  ef- 
fect is  almost  null.  * 

But  if  a  galvanic  battery  of  300  or  400  pairs  of  plates,  charged 
with  water,*  be  connected  with  an  electrical  battery  so  that  a  wire 
may  pass  from  each  pole  to  the  inside  and  outside  respectively,  such 
a  charge  will  be  obtained  that  a  fine  iron  wire,  passing  from  the  out- 
side of  the  electrical  battery  and  successively  striking  its  knob,  will 
scintillate,  1000  pairs,  in  this  manner,  produce  a  distinct  crackling 
noise  and  burn  thin  metallic  leaves,  although  tlie  galvanic  battery  itself 
under  the  existing  circumstances,  possessed  no  such  power. 

With  400  plates  of  4  inches,  cnaVged  with  water,  no  effects  are 
produced  on  combustibles,  but  the  electrometer  Is  affected,  and  an 

•  Volta. 

Vol.  11.  83 
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electrical  battery  is  charged,  so  as  to  produce  rapid  sdntiOations 
with  wire,  and  to  inflame  phosphorus  and  fulminating  mercury. 

4.  By  contact  with  a  ydtaic  apparatuij  a  single  jar  is  alwayi 
charged  instantly  rather  higher  than  the  battery^  and  will  therefore 
affect  an  electrometer  more  distincdj ;  the  increase  of  tins  power  is 
always  exacdy  proportioned  to  the  number  of  plates. 

5.  A  Galvanic  oattery  unused  for  a  timcy  when  charged  with  war 
ter^  gives  but  a  feeble  shocks  and  however  extensive  will  hardly  give 
a  percepuble  spark,  but  wiUy  to  a  certain  degree,  charge  the  elec^ 
trometer  and  an  electrical  battery. 

With  a  weak  acid,  the  shock  is  much  increased  and  a  vivid  ^rk 
is  obtained,  but  the  electrometer  is  less  affected  than  before,  and  a 
battery  will  be  less  powerfully  charged. 

6.  It  follows  that  a  very  extensive  series  of  vlates,  (which  may  be 
small,)  charged  with  water y  is  the  best  for  obtaining  electrical  e^cts* 
The  power  would  probably  remain  unimpaired  for  years,  and  is  more 
manliest  when  communicated  lo  an  electrical  battery. 

I  believe  no  one  has  attempted  to  realize  the  ingenious  suggeslioii 
of  Mr.  Singer,*  that  with  50,000  or  100,000  plates  of  2  inches 
square,  excited  by  water,  a  considerable  charge  might  be  constantly 
kept  up  by  communicauon  viriihin  an  electrical  battery ;  this  opinkm 
is  strongly  countenanced  by  the  continued  electrical  exdtemect  of  the 
dry  battery  of  De  Luc. 

EFFECTS  OF   GALVANISM. 

These  may  all  be  included  under, 

1.  Chemical  Decomposiuon. 

2.  The  Shock  and  other  effects  on  the  animal  system. 

3.  The  Spark,  and  Ignition,  or  extricadon  of  heat  and  light 

4.  Combustion,  the  same  effect,  aided  by  the  air. 

5.  Macmetism. 


I.  Chemical  decompositions. — In  this  immense  field,  only  selec- 
tions can  be  made,  sufficient  to  illustrate  some  principal  generalizations. 

1.  Messrs.  Nicholson  and  Carlisle  discovered  the  chemical  action 
of  the  battery  and  pile  by  decomposing  water,  April  30,  ]  SOO,  and 
it  appears  from  innumerable  experiments,  that  the  galvanic  electricity 
possesses  a  general  energy  in  decomposing  compound  substances. 

2.  Wires  are  conunonfy  used  to  convey  the  poufer  from  one  end  of 
the  battery  to  the  other  ;  any  good  conductor,  and  therefore  any  me- 
tallic substance  will  answer,  but  wires  of  platinum  or  of  gold,  as  being 
but  litde  liable  to  chemical  change,  are  most  commonly  employed. 
The  subject  to  be  operated  upon  is  placed  between  the  points  of 
the  two  wires,  which  in  general,  must  be  brought  pretty  near  to 


*  By  whose  early  death  science  sustained  a  great  loss. 
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each  other,  as  the  galvanic  electrichy  does  not  easily  pass  through 
a  considerable  distance  in  the  air  or  in  liquids. 

3.  When  the  wires  connected  with  the  two  ends  of  the  battery  are 
placedinatubeof  water i  that  fluid  is  decomposed^  and  if  the  wires 
are  of  platbum  or  gold,  two  volumes  of  hydrogen  and  one  of  ox- 
ygen, are  evolved  in  mixture,  and  ascend  to  the  top  of  the  tube ;  if 
iron  wires  are  used,  then  the  oxygen  combines  with  the  iron,  and  the 
^drogen  alone  is  evolved.  This  decomposition  was  produced  by  Sir 
H.  Davy  when  the  wires  were  placed  in  different  portions  of  the  same 
compound,  even  in  difierent  vessels,  provided  they  were  connected  by 
some  porous  or  fibrous  conducting  substance,  in  a  moist  state,  so  that 
the  elements  are  evolved  at  a  distance  from  each  other,  and  this  dis- 
tance was  often  considerable.  Thus,  let  wires  be  passed  through  corks 
into  a  s}rphon  tube* 

filled  with  water,  hav-  'A^  /^      ^  |/ 

ing  a  small  hole  at  the       ^\  m         ^  ^ 

bottom ;  the  galvanic         \^  ///  (t  ft 

power  will  evolve  the 
the  oxygen  at  the 
positive,  and  the  hy- 
drogen at  the  nega- 
tive pole,  and  Uie 
gases  may  be  obtain- 
ed separately;  and 
the  same  result  is  ob- 
tained with  tubes  placed  over  different  vessels  of  water,  and  con- 
nected by  moistened  amianthus,  as  in  the  annexed  figures. 

4.  The  general  truthf  may  be  thus  stated.  Some  bodies  are  at* 
tracted  to  jlhe  positive  and  some  to  the  negative  side  of  the  galvanic 
series  J  and  thu,  attraction  is  exerted  at  considerable  distances  j  and 
even  when  another  body  in  a  fluid  state  is  interposed  between  the 
portions  of  the  substance  acted  on  by  the  wires ;  in  this  way, 
substances,  often  very  heavy,  are  conveyed  through  the  interposed 
fluid  or  a  moist  fibrous  solid,  and  the  elements  of  a  body  are  thus 
transported  from  one  vessel  and  deposited  in  another. 

6.  Oxygen^  chlorine^  iodine^  and  bromine^  are  attracted  to  the  pos" 
itive  sidcj  oxygen  m  all  cases,  and  the  other  three  generally ;  the 
adds  also  pass  to  the  same  pole. 

6.  Conimstible  bodies  and  metals j  and  their  compounds,  with  ox- 
ygen, forming  alkalies^  earths^  and  metallic  oxides^  are  attracted  by  the 
negative  pole.  Or,  as  the  law  is  stated  by  Sir  H.  Davy,  galvanism 
and  electricity  being  considered  as  identical,  certain  substances,  ox- 
ygen and  acids,  are  attracted  by  positively  electrified  metallic  sur- 

*  Or  hermetically  sealed. 

t  Sir  H.  Davy's  Balcerian  lecture  for  November,  1806.  Nicholson's  Journal,  Svo- 
series.  Vol.  xviii,  p.  821. 
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feces,  and  repelled  by  similar  surfaces  negatively  electrified,  while  in- 
flammable bodies,  metals,  metallic  oxides,  alkalies  and  earths  are  at- 
tracted by  negatively  electrified  metallic  surfaces,  and  repelled  bj 
those  which  are  in  a  positive  state.  Thus,  when  water  is  decomposed 
by  galvanism,  the  oxygen  passes  to  the  positive  and  the  hydrogen  to 
tiie  negative  side  ;  when  an  alkaline  salt  is  resolved  into  its  constitu- 
ent parts^  the  acid  collects  around  the  positive^  and  the  alkali  araussd 
the  negative  toire** 

7.  From  among  Sir  H.  Davy^s  numerous  aqd  very  satisfactory  ex- 
periments, a  few  may  be  selected  to  illustrate  these  portions.  Hb 
apparatus  was  simple.  Generally  tufo  small  vessels  of  glass,  or^  be- 
cause of  the  liability  of  this  substance  to  decomposition,  sometimes 
those  of  agcUe  or  gold,  were  employed  ;  for  particular  purposes,  they 
were  of  Carrara  marble,  of  sulphate  of  lime,  sulphate  of  strontia,  &c. 
Solutions  of  the  compounds  to  be  acted  upon  were  placed  in  the  ves^ 
selsy  and  diese  were  generally  connected  by  a  piece  of  moistened  as- 
bestosj  (amianthus)  laid  over  the  lips  of  the  vessels,  so  as  to  com- 
municate with  the  fluid.  When  for  instance,  both  cups  coutaioed 
sulphate  ofpotassa  dissolved  in  water,  and  this  was  submitted  to  the 
action  of  50  pairs  of  plates,  of  6  inches  square,  at  the  end  of  ibur 
hours,  the  sulphuric  acid  was  found  all  in  one  cup,  and  the  potassa 
in  the  other.  The  sulphate  of  soda,  the  nitrate  tf  potassa,  the  phos^ 
phate  of  soda  and  other  salts  gave  similar  results  ;  their  acids  passing 
over  to  the  positive,  and  the  bases  to  the  negative  wire.  If,  instead 
of  an  acid  solution,  distilled  water  were  placed  in  one  cup,  and  a  so- 
lution of  a  salt  in  water  in  the  other,  either  the  base  or  the  acid  was 
conveyed  to  the  water,  according  as  the  saline  solution  was  connected 
with  the  positive  or  negative  wire  ;  if  with  the  former,  the  acid  was 
retained  and  the  base  repelled  to  the  other  pole,  if  with  the  latter, 
the  base  was  retained  and  the  acid  repelled.  In  cases  where  neutral 
salts  are  decomposed,  the  acid  and  alkali  will  always  saturate  each 
other,  and  again  produce  a  nautro-saline  compound. 

8.  The  containing  vessels  themselves,  tohen  they  consisted  of  such 
substances  as  were  liable  to  decomposition,  yieldeaup  their  constituent 
parts,  although,  on  account  of  their  cohesion,  more  slowly  than  fluid 
bodies.  Thus,  cups  of  sulphate  of  lime,  containing  distilled  water, 
when  subjected  to  the  action  of  a  battery  of  100  pairs  of  plates,  of 
lUX  inches,  gave  acid  in  the  one  and  lime  in  the  other  i  thb  change 
was  perceptible  in  five  minutes,  and  very  obvious  in  an  hour.  Even 
metals  are  conveyed  in  this  way,  and  insoluble  earths,  as  silver  from 
nitrate  of  silver,f  and  magnesia  from  the  sulphate  of  magnesia. 

*  The  electrieftl  chartcter  u  a  relative  one ;  in  most  cases,  bodies  are  attracted  to- 
wards the  one  pole  or  the  other,  as  they  are  combioed  with  one  principle  or  with 
another. 

f  Silver  from  the  nitrate  has  been  found,  forming  a  film  upon  the  cooDecting 
amianthus. 
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9.  Not  et>en  dense  aggregates,  as  glass,  sulphate  of  baryta,  fluor 
spar,  nor  the  firmest  stones,  can  resist  the  decomposing  powers 
of  gcdvanie  electricity;  they  are  eventually  resolved  into  simpler 
forms  of  matter.  Basalt,  which  contains  3^  per  cent,  of  alkali  and 
1  per  cent,  of  muriatic  acid,  gave  in  ten  hours,  alkali  at  the  nega- 
tive and  acid  at  the  positive  pole.  Thus,  as  was  suggested  by  Sir 
H.  Davy,  in  the  atmosphere,  in  waters,  in  soils  and  rocks,  and  in  the 
entire  crust  of  the  globe^  the  action  of  weak  electrical  powers  may 
produce  decompositions  which  either  have  not  been  understood  or 
have  been  attributed  to  other  causes.* 

10.  Another  fact  still  more  singular,  was  discovered  by  Sir  H. 
Davy.  He  found  that  the  chemical  affinities  of  substances  were  so 
completely  suspended  by  galvanism,  that  they  could  be' made  to  pass 
through  solutions  of  other  bodies  between  which  and  themselves  there 
is  the  strongest  mtUual  attraction,  without  either  affecting  them,  or 
being  affedm  by  them.  Three  vessels  were  employed,  and  in  one 
experiment,  sulphate  of  potassa  was  connected  with  the  negative  wire ; 
ammonia  was  placed  in  the  middle  vessel,  and  pure  water  in  the  third 
connected  with  the  positive  wire  ;  the  result  was,  that  the  suTphuric 
acid  was  conveyed  through  the  ammonia,  and  was  found  in  the  wa- 
ter. ,  In  the  same  manner,  sulphuric  acid  was  conveyed  through  so- 
lutions of  lime;  with  baryta  it  failed  because  it  forms  a  very  insolu- 
ble and  heavy  compound  with  the  sulphuric  acid ;  the  nitric  and  mu- 
riatic acids  were  transmitted  through  concentrated  potassa  and  soda; 
lime,  magnesia,  soda,  potassa  and  ammonia  were  sent  through  nitric, 
muriatic,  and  sulphuric  acids  without  combining  with  them,  and, 
both  acid  and  alkaline  bodies  were  conveyed  through  colored  vege- 
table infusions  without  changing  their  hue. 

1 1 .  The  decompositions  produced  by  galvanism  are  complete,  the 
bodies  evolved  being  found  pure,  and  the  wonderful  effects  which 
have  been  related,  appear  to  depend  on  powerful  attractions  and  re- 
pulsions.f 

*  In  some  former  experiments  it  was  imagined  that  various  substances,  such  as 
potassa,  soda,  muriatic  acid,  nitric  acid  and  ammoni»,  were  generated  from  pure 
water,  or  something  else ;  we  now  easily  understand  that  they  arose  from  {[galvanic 
decompositions  of  compounds  really  contained  in  the  fluids.  While  I  was  in  the 
Edinburgh  school,  (1805-6,)  these  apparent  changes  excited  great  interest,  but  Sir 
H.  Davy  was  at  that  very  time  successfully  engaged  in  solving  the  difficulty,  and 
the  splendid  result  was  given  in  the  Bakerian  lecture  of  1806. 

t  The  classification  of  elements,  founded  on  the  electrical  relations  of  bodies,  as 
stated  by  Sir  H.  Davy,  has  been  generally  adopted  by  the  chemical  world,  as  it  was 
stated  in  Vol.  1,  p.  138.  But  it  is  to  be  observed,  as  already  remarked,  that  wiUi  ma- 
ny chemical  elements  these  relations  differ,  as  tiiey  are  associated  with  different  bod- 
ies ;  sulphur  is  positive  in  relation  to  oxygen,  and  when  sulphuric  acid  is  decom- 
posed, the  oxygen  will  be  attracted  to  the  positive  and  the  sulphur  to  the  negative 
pole;  but  in  combination  with  metals,  sulphur  is  negative  and  resorts  to  the  posi- 
tive pole.  Oxygen  is  always  negative,  and  from  every  combination  it  goes  to 
the  positive  pole ;  hydrogen  is  always  positive  in  relation  to  oxygen,  chlorine, 
and  other  similar  agents,  but  it  is  negative  wHh  respect  to  the  metals.    Professor 
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12.  When  wtres^  or  any  thing  but  fluids,  or  porous  or  fibrous  solids 
containing  fluids, /orm  the  medium  of  communication  between  d^eretU 
ffesselSf  there  are  as  many  sets  of  positive  and  negative  potes  as  there 
are  pairs  of  points^  and  the  decompositions  go  on  at  fdl  these  cotK 
nectbg  points.  Through  solid  matter,  however  good  a  cooductOTy 
nothing  but  the  imponderable  agents  pass. 

13.  It  has  been  often  stated  that  no  currents  of  gas  can  be  jeem 
P^^f^i  from  pole  to  pole^  horizontally  through  decomposing  fluids^ 
and  that  when  the  decomposition  of  water  was  viewed  with  a  magni- 
^ing  power  of  300,000  times,  there  was  no  appearance  of  a  current 
uom  one  wire  to  the  other.* 

This  was  an  early  observation  and  probably 
with  a  low  power,  for  with  a  power  of  720  pairs 
of  4  and  6  inch  plates,  I  have  seen  the  opposite 
currents  of  oxygen  and  hydrogen  gases  passings 
palpably  to  the  eye,  through  distilled  water^  in 
horizontal  planes^  at  different  levels^  and  col- 
lecting in  the  two  tubes  represented  in  the  an- 
nexed figure,  both  of  which  were  found  to  con- , 
tain  the  two  gases,  in  explosive  proportions,  ^ 
without  doubt  in  the  equivalent  volumes,  (as 
the  connecting  metal  was  platinum,)  except 
some  portions  that  escaped  between  the  tubes 
and  rose  through  the  water.f  The  existence 
of  currents  through  fluids  was  proved  by  Sir  H. 
Davy,  and  Mr.  Porrett  has  shewn  that  a  battery 
of  1}  inch  plates  will  cause  water  to  pass,  contrary  to  gravity,  tiuxx^ 
the  substance  of  a  bladder,  from  the  positive  to  the  negauve  pole.} 

14.  Other  decompositions. 

(a.)  Acids  J  alkaties^  salts  ^  SfC. — ^In  strong  sulphuric  or  phosphoric 
acid,  for  instance,  the  oxygen  goes  to  the  positive  pole  and  the  in- 
flammable matter  to  the  negative  pole. 

(6.)  Solution  of  ammonia  is' rapidly  decomposed  and  its  elements 
rise  in  mixture  at  the  negative  polcj  the  disengaged  gases  being  hy- 
drogen 3  volumes  and  nitrogen  1. 

Beraeliufl  has  constructed  an  approximative  table  of  the  electrical  relations  of 
bodies,  which  is  considerably  different  from  that  of  Sir  H.  Davy.  It  mav  be  found 
in  Dr.  Turner's  Chemistry,  and  another,  although  differing  in  the  details,  may  be 
found  in  Thomson,  on  Heat,  &c.  p.  493.  For  numerous  and  curious  (acts  on  the 
electrical  relations  of  bodies,  see  Sir  H.  Davy's  last  Bakerian  lecture,  Phil.  Trans. 
1826.  I  do  not  think  it  best  to  introduce  a  g^eat  many  of  these  results,  as  the  stu- 
dent cannot  carry  them  in  his  memory ;  no  electro-chemical  classification  hitherto 
made,  is  so  simple  and  intelligible,  and  so  easily  remembered,  as  that  of  Sir  H. 
Davy,  and  its  truUi  remains  unimpeached,  provided  the  bodies  are  viewed  in  the 
game  relations  in  which  he  contemplated  them.  *  Wilkinson. 

t  See  Am.  Jour.  Vol.  xviii,  p.  199;  the  opposite  currents  flowed  for  hours,  and 
were  observed  by  many  persons ;  the  appearance  was  rendered  very  beautiful  by  a 
magnifier.    B,  B,  the  gas  tubes ;  d,  d,  wires ;  c,  c,  corks ;  o,  water  level ;  e,  cover. 

t  Thomson's  Ann.  Vol.  viii,  p.  74. 
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(e.)  Muriatic  acid  affordn  cUarine  at  the  positive  and  hydrogen  at 
the  negative  pole. 

15.  Galvanism  is  the  most  delicate  test  of  the  purity  of  bodies^ 
and,  unlike  common  electricity,  its  decomposing  operations  are  often 
tranquil,  usually  without  mechanical  effects,  and  frequently  without 
any  evoluti(m  of  light. 

16.  lAberation  of  acid  and  alkali  from  salts. 

(a.)  This  is  beautifully  seen  in  a  syphon  of  diis  form,  U  filled  with 
cabbage  liquor,  containing  a  litde  muriate  of  soda  or  other  neu^  salt ; 
on  passing  the  mfluence  through,  Fed  is  produced  in  one  side  and 
green  in  die  other,  and  on  reversing  the  connexion  the  opposite  col- 
ors will  be  produced,  with  the  intermediate  production  of  the  blue.  If 
quicksilver  occupy  the  bend  of  the  syphon,  and  the  blue  fluid  with  the 
salt  occupy  the  legs^  the  two  colors  will  be  produced  in  both  sides,  and 
the  red  will  be  seen  striving  to  pass  the  quicksilver  towards  the  posi- 
tive pole  and  the  green  towards  the  negative,  both  resting  on  the  metal. 

(6.)  Add  and  alkali  are  detected  in  all  common  waters;  and  even 
distilled  water,  galvanized  in  glass  vessels,  gains  alkali  from  the  glass, 
while  the  nascent  oxygen  uniting  with  atmospherical  nitrogen,  forms 
nitric  acid. 

(e.)  Traces  of  add  and  alkali  have  been  found  even  in  water  dis^ 
ttUed  in  glass  and  galvanized  in  pure  gold,  but  not  when  distilled 
slowly  in  pure  silver  and  galvanized  in  pure  gold. 

17.  Farious  transfers  of  add  and  base. 

(a.)  Diluted  add  in  one  cup^  at  the  negative  pole,  connected  by 
moistened  fibres,  unth  diluted  alkali  in  another  cup^  at  the  positive ; 
they  will  pass  each  other  on  the  way  and  exchange  cups  without 
combination,  as  may  be  proved  by  addmg  cabbage  infusion,  which  at 
the  positive  pole  will  then  change  to  red  and  to  green  at  the  negative. 

(6.)  If  we  arrange  the  same  experiment  only  place  cabbage  liquor 
in  a  middle  cup^  it  will  not  be  affected,  while  the  same  test,  added 
after  the  experiment,  to  both  the  other  cups,  will  be  changed  as  above. 

(c.)  Or^  instead  of  the  free  acid  and  alkali,  substitute  a  neutral 
salty  which  may  be  placed  in  either  of  the  glasses ;  if  in  the  positive, 
the  acid  will  remain  there  and  the  alkali  will  go  to  the  negative ;  if 
in  the  negative,  the  acid  will  pass  to  the  positive  and  the  alkali  remain 
in  the  negative ;  if  in  the  middle,  the  acid  and  alkali  will  part  and  go 
in  opposite  directions  to  their  respective  poles,  and  cabbage  liquor 
will  remain  unchanged  in  the  middle  glass,  and  be  turned  red  at  the 
positive  and  green  at  the  negative  pole.* 


*  Id  all  these  experiments  the  fibrous  coDopxion  should  be  large,  the  arch  short 
and  kept  very  wet;  short  inverted  syphon  tube,  filled  with  fluid,  are  still  better; 
where  there  are  more  than  two  gla^rseii  the  cbari^es  will  not  be  prompt,  unless  with 
aa  extensive  battery. 
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18.  Miction  on  metals  and  their  MobUiam. 

(a.)  Metallic  decoroposidons  are  beautifully  exhibited  id  glass  tubesv 
aoQ  muriate  of  tiuy  Ditrate  or  acetate  of  lead,  nitrate  of  silver  and  ni- 
trate or  sulphate  of  copper,  are  good  examples ;  in  an  instant  the 
metallic  vegetation  or  deposit  appears,  and  it  is  not  owing  to  the 
chemical  attraction  of  the  wires,  for  it  happens  with  platimnn  and 
gold,  which  do  not  chemically  decompose  metallic  solutions  ;  and 
the  decomposition  occurs,  even  when  moistened  amianthus  or  flax  is 
the  medium  of  communication. 

(6.)  Let  nitric  acid  in  a  glass,  receive  a  poative  platinum  wire 
and  a  negative  copper  wire ;  the  latter  will  scarcely  be  acted  on, 
but  break  or  reverse  the  connexion  and  the  copper  will  be  rapidly 
dissolved. 

(c.)  In  iulphaie  of  copper^  a  negative  silver  wire  will  be  coated 
with  copper,  although  chemically,  sUver  does  not  precipitate  copper, 
but  the  reverse,  for  copper  precipitates  silver. 

(d.)  Tellurium^  at  the  negative  pole,  as  akeady  stated,  forms  with 
hydrogen,  a  solid  compound,  which  sinks  to  the  bottom. 

(e.)  A  zinc  aivd  a  stiver  or  copper  trire^  being  placed,  at  some  dis- 
tance, in  dilute  muriatic  acid^  hydrogen  is  chemically  evolved  from 
the  zinc,  but  twist  them  together  and,  galvanically,  the  effect  is  di- 
minished, while  bubbles  of  hydrogen  gas  vnll  be  evolved  from  the  sil- 
ver or  copper,  which  is  now  the  negative  metal. 

(/.)  The  lead  tree,  precipitated  from  a  solution  of  a  salt  of  lead 
by  zinc,  commences  chemically,  but  after  the  first  deposit,  it  is  chieftf 
a  galvanic  production,  a  true  galvanic  circle  being  formed  by  the 
zinc,  the  revived  lead,  and  the  fluid. 

(£f.)  In  a  drop  of  a  solution  of  silver,  resting  on  a  glass  plate,  p2a«e 
a  platinum  and  a  copper  wire  ;  the  silver  collects  around  the  copper 
only,  but  bring  the  wires  into  contact,  and  it  precipitates  around  the 
platinum  also,  which  is  now  negative  and  the  copper  positive. 

19.  OUs,  alcohol  and  ether,  are  decomposed  by  a  vivid  spark  taken 
beneath  them  from  charcoal  points ;  carbonic  acid  and  oarburetted 
hydrogen  are  emitted,  and  charcoal  is  sometimes  deposited. 

20.  It  has  been  stated  already,  that  when  animal  fluids  contain  al- 
bumen, it  is  separated  with  alkali  at  the  negative  wire,  and  with  acid 
^t  the  positive,  and  if  the  power  is  strong  it  even  coagulates  at  the 
negative  wire  ;*  hence  it  has  been  conjectured  that  animal  secre- 
tion may  depend  on  some  such  power. 

21.  The  splendid  discovery  of  the  galvanic  decomposition  of  the 
fixed  alkalies,  by  Sir  H.  Davy,  has  been  already  stated  in  the  first 
volume  and  need  not  therefore  be  repeated  ;  nor  the  early  galvanic 
researches  on  the  earths  which  have  been  also  detailed. 


*  If  weaker,  it  separates  in  the  fluid  form. 
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22.  Oatvanic  protection  of  metals. 

(fl.)  The  galvanic  protectors  of  Sir  H.  Davy  are  well  known ; 
they  were  devised  by  him  upon  the  principle,  that  the  copper  sheath* 
ing  of  ships  is  oxidized  by  the  oxygen  dissolved  in  the  water,  and 
the  oxidized  copper  is  then  attacked  by  the  acid  of  the  muriates. 

By  rendering  the  copper  negative,  he  deprived  it  of  the  power  of 
combining  with  the  oxygen  by  contact  with  which  it  was  before  render- 
ed positive.  This  was  effected  simply  by  placing  zinc  or  iron  in  con* 
tact  with  the  copper,  and  it  was  found  that  a  piece  of  zinc  as  large  as  a 
pea  or  the  head  of  a  small  round  nail,  wherever  placed,  would  protect 
40  or  50  square  inches  of  copper,  and  different  pieces  of  copper  joined 
by  wires  or  filaments  not  over  j\  or  y'^  of  inch  in  diameter  retained  all 
their  surfaces  bright,  while  the  iron  or  zinc  was  slowly  corroded.  In 
sheets  of  copper  immersed  many  weeks  in  the  tide  water  in  Portsmouth 
harbor,  where*  the  zinc,  or  the  cast  iron  or  wrought  iron  protector,  cov- 
ered from  j\  to  T7if  of  the  surface  of  the  copper,  there  was  no  loss  of 
weight  in  the  latter;  with  smaller  proportions  as  ^i^  or  ^J^,  there 
was  a  loss,  greater  as  the  protector  was  smaller,  and  even  t^Vt  V^^ 
of  cast  iron  saved  a  certain  proportion  of  the  copper.  This  beauti- 
ful application  of  galvanism  was  perfectly  successful  in  protecting  the 
copper  even  in  long  voyages,  but  the  sheathing  became  sooner  foul 
from  the  adhesion  of  magnesia  and  lime,*  (positively  electric  in  rela- 
tion to  copper,)  and  the  bodies  of  this  class  formed  also  a  nidus  for 
the  adhesion  of  shell  fish  and  sea  weed,  which,  probably  from  the 
prevention  of  the  poisoning  effect  by  the  solution  of  the  copper,  ac- 
cumulated rapidly  and  thus  impeded  the  sailing  of  the  shii)s.  By 
duly  apportioning  the  size  of  the  protectors,  perhaps  the  copper  may 
be  preserved  to  a  sufficient  degree,  and  still  the  plants  and  animals 
be  prevented  from  adhering.  In  ships  constantly  moored,  such  as  pri- 
son hulks,  and  guard  receiving  ships,  the  adhering  bodies  do  no  harm. 

(6.)  Sir  H.  Davy  suggested  that  instruments  of  brass  or  steel 
might  be  preserved  from  rusting  by  annexing  a  piece  of  zinc  or  iron, 
which  becoming  positive,  will  take  the  oxygen  and  preserve  the  brass, 
and  Mr.  Pepys,  with  this  view,  caused  fine  cutting  instrument3  to  be 
enclosed  in  handles  lined  with  zinc.f 

(c.)  Dr.  John  Revere  of  New  York,  has  perfectly  succeeded  in 
protecting  iron  from  corrosion  by  sea  water ;  iron  spikes  and  even 
iron  sheathing  remaining  perfectly  bright  after  an  immersion  of 
between  one  and  two  years.  The  principle  is  the  same  as  that  of 
Sir  H.  Davy,  of  which  Dr.  R.  states  that  it  is  only  a  successful  ap- 
plication.    He  proposes  not  only  Jo  protect  the  iron  bolts,  spikes,  fac. 

*  Evolved,  by  the  galvanic  decompOiiUion  of  (heir  salts. 

\  Phil.  Trans.  1824.  II  has  been  proposed  to  protect  (he  Iran  boilers  of  steam 
boats  in  the  same  manner. 

Vol.  n.  84 
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of  ships,  (now  in  many  parts  rendered  positive  by  ilie  copper  sbenii- 
ingf  and  therefore  rusting  with  increased  rapidity ,)  but  also  to  substi- 
tute plate  iron  for  copper  sheathing.* 

(d.)  It  is  proposed  to  protect  the  iron  of  steam  boilers  from  mst- 
ingf  by  rendering  the  iron  negative  by  small  portions  of  zinc  ;  it  is  ao 
important  suggestion  due,  I  believe,  to  Dr.  Wollaston. 

11.  The  shock  to  the  animal  frame  or  effect  on  the  nerves 
and  muscles, 

1.  The  dry  cuticle  is  almost  impervious  to  the  galvanic  electricity; 
if  the  contact  be  made  with  the  hands  and  tlie  poles  of  the  batteiy, 
both  being  perfectly  dry,  the  shock  will  be  very  trifling,  compared  widi 
that  which  will  be  received,  if  the  hands  are  first  wet  and  then  ap- 
plied, and  especially  if  each  of  them  firmly  grasps  a  piece  of  metal 
with  which  the  contact  is  coitipleted.  If  the  connexion  is  condn- 
ued,  the  sensation  is  painful,  and  it  is  always  intensely  so  if  there 
is  the  slightest  cut,  burn  or  excoriation  ;  in  such  case,  a  very  low  pow- 
er produces  pain  ;  the  pain  is  said  to  be  sharpest  on  the  negative  side« 

2.  The  shock  extenas  to  the  knuckles,  the  ^Tists,  the  elbows,  the 
shoulders,  or  even  convulsively  through  the  breast,  according  to  the 
size  and  activity  of  the  battery.  By  a  proper  arrangement  of  the 
wires,  it  may,  for  medical  or  other  purposes,f  be  conveyed  through 
any  part  of  the  body,  and  glass  tubes  placed  on  tlie  wires  will  iuso* 
late  them  so  that  they  can  be  conveniently  handled ;  dry  gloves  9re 
a  good  protection. 

3.  The  shock  is  materially  impaired  ly  passing  through  several 
persons^  and  will  hardly  pass  at  all,  unless  the  hands  be  well  moist- 
ened and  firmly  joined.  With  batteries  of  from  500  to  1000  pairs, 
there  is,  however,  no  difficulty  in  passing  the  shock  through  20, 30  or 
more  persons,  with  wet  hands,  firmly  joined.  If  the  person  at  one  pole 
holds  firmly  a  wet  metallic  rod,  in  contact  with  the  battery,  and  the 
person  at  the  other  pole  draws  a  similar  rod  rapidly  over  the  edges 
of  the  plates,  there  will  be  intermitting  convulsions,  in  the  short  inter- 
vals of  time  while  the  rod  passes  from  one  plate  to  another.  Some 
persons  in  the  circuit  will  be  painfully  convulsed ;  others  will  be  more 
slightly  affected,  and  others  will  stand  almost  unmoved,  seeming  to 
fict  merely  as  conductors. 

4.  It  has  already  been  stated,  that  the  surface  of  metal  being 
given,  tJie  shock  depends  on  the  number  rather  than  on  the  size  of  the 
plates,  In  all  the  experiments  that  have  been  made,  with  a  moderate 
number  of  large  plates,  as  willi  Mr.  Children's  great  battery,  the 

•  Am.  Joiir.  Vol.  xvi,  p.  ISO.  I)r.  R/jvere  being  now  in  Europe,  I  am  unable  to 
f^y  what  metal  he  use*  to  protect  the  iron,  or  what  progrero  he  has  made  in  his  im- 
portant researches  since  the  notice  above  cited,  (Jan.  21st,  1831.) 

t  50  pairs  of  plates  8  inches  square  are  sufficient  for  most  medical  purposes,  aoA 
double  that  number  is  more  than  sufficient, 


GALVANISE.  66? 

shock  could  hardly  be  perceived ;  but  th^  ignition,  Combustion  and 
deflagration  of  the  roetaJiic  wires  and  leaves,  were  rapid  and  intense. 

5.  Plates  one  foot  square  will  not  afiect  the  electrometer  more,  nor 
decompose  water  more  rapidly,  nor  give  greater  shocks,  than  those  ond 
inch  square,  yet  they  ignite  100  times  as  much  fine  platinum  wire.* 

6.  With  large  plates  several  persons  may  form  a  circuit,  or  several 
series  of  persons  may  form  several  different  circuits,  and  all  re* 
ceive  a  shock  very  similar  in  degree  and  nearly  like  what  they  would 
have  received  from  the  same  number  of  small  plates,  but  if  a  con- 
nexion be  formed  by  a  metallic  wire  the  shocks  will  cease. 

7b  While,  as  already  stated,  water  is  decomposed  by  platinum  wires^ 
from  a  battery  of  plates  one  foot  square^  with  about  the  same  rapidity  as 
by  those  one  inch  square^  a  shock  will  be  given  to  a  person,  grasping 
the  polar  wires  with  wet  hands,  and  charcoal  connected  with  them  by 
wire,  will  be  ignited  nearly  as  well  as  if  no  connexion  by  water  ex- 
isted ;  from  plates  one  inch  square,  while  decomposing  water,  there 
would  be  neither  shock  nor  ignition.f  This  is  usually  explained  upon 
the  supposition  that  in  the  large  plates,  the  electrical  intensity  is  low, 
and  the  quantity  of  electricity  large. 

8.  According  to  Ritter,  the  shock,  when  water  is  used^  increases 
with  the  number  of  plates,  to  the  extent  of  500  or  600,  but  decreases 
with  higher  numbers ;  with  brine,  the  effect  seems  to  be  without 
limit;  with  weak  acid  solutions,  the  shock  from  1000  pairs  of  plates 
is  very  sharp  and  painful. |  According  to  my  experience,  such 
a  charge  ought  never  to  be  taken ;  if  the  battery  is  in  a  very  active 
state,  600  or  700  pairs  give  an  intensely  painful  and  convulsive 
shock,  varying  extremely  in  severity,  according  to  the  sensibility  of 
different  individuals;  I  have  known  a  copious  and  dangerous  internal 
hemorrhage  produced  by  a  shock  from  600  pairs. 

9.  Powerful  muscular  contractions  are  produced  in  animals  re-« 
cently  deadj  when  properly  connected  with  galvanic  batteries^  con* 
iaining  numerous  plates.  An  entire  sheep  exhibits  motions  resem- 
bling tliose  of  animals  in  a  violent  epileptic  state.  Heads  of  oxen 
may  be  made  to  open  and  roll  the  eyes,  to  move  the  jaws  and  tongue, 
and  expand  the  nostrils,  and  the  convulsions  excited  in  a  horse, 
recently  killed,  are  almost  uncontrollable.  It  is  superfluous  to  de- 
scribe the  revolting  effects  so  often  produced  upon  the  bodies  of  vig- 
orous men,  just  executed ;  by  a  skillful  application  of  the  power 
to  different  muscles  and  nerves,  every  passion  and  every  feeling, 
whether  of  pleasure  or  agony,  appears  by  turns  in  the  face ;  and 
strong  muscular  movements,  agitating  the  whole  frames  convey  to  the 
beholder  the  strongest  impression,  that  life  has  resumed  its  dominion ; 
but  among  hundreds  of  these  trials  there  is  not  a  solitary  case  of  r^ 
suscitation,  and  the  facts  remain  only  to  prove  that  mimic  movements 

*  I  .        ■  !■         I  ■        ■  ,      ,  .1  .     ■        n   ■  ■  ..I  If 

*  Dary'f  Elements.  t  Davy.  i  Singer. 
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may  be  produced  in  au  insensible  frame  as  long  as  the  last  lingerings 
of  excitability  continue. 

10.  There  can  be  no  reasonable  doubt  that  galvanic  principles  are 
concerned  in  secretion ,  and  in  many  changes  produced  in  animals, 
during  life ;  but  the  investigation  of  this  subject  belongs  to  animal 
physiology.* 

III.  The  Spark  and  Ignition. 

1.  From  a  battery  of  iome  extent ^  a  distinct  spark,  more  or  lets 
vividy  is  perceived  every  time  the  wires  are  brought  into  contact  frora 
the  opposite  poles,  and  it  is  renewed  at  the  moment  of  separation. 

2.  4jr  the  poles  are  armed  ^th  small  pointed  pieces  of  well  pre" 
pared  chareoal^  the  light  is  most  vivid  and  intense,  and  if  tbe  battery 
IS  powerful,  the  light  is  very  enduring.  It  is  so  intense  that  rooms 
very  well  lighted  by  lamps  or  gas,  appear  comparatively  dark  when 
the  galvanic  light  ceases.f  Witt)  a  large  dedagrator,  its  overpowering 
effulgence  must  be  viewed  through  colored  glasses ;  with  that  iostni- 
meat  the  light  may  be  frequently  renewed,  with  Uttle  dimunitioD,  bj 
successive  immersions  of  the  plates. 

3.  I^e  light  is  produced  independently  of  eombustiony  for  it  takes 

Elace  in  a  vacuum  and  in  gases  that  contain  no  oxygen  ;  it  is  exlii- 
ited,  although  diminished,  under  water,  oils,  ether,  and  otber  non- 
cooducting  or  imperfectly  conducting  fluids:  prismatic  cdors  are 
often  exhibited  by  galvanic  light. 

4*  The  gahanic  spark  pervades  hU  a  tkin  stratum  of  air  and  iig 
striking  distance  is  very  small;  with  1250  pairs,  Mr.  Children  found 
it  was  only  j\  of  an  inch.  When  the  great  battery"^  of  the  Royal 
Institujdon,  <f  2000  pairs  of  plates,  toas  excited  by  6  parts  of  water 
to  1  of  nitric  acid,  the  poles  being  terminated  by  pieces  of  charcoal 
one  inch  long  and  one  sixth  of  an  inch  in  diameter,  a  bright  spark 
was  affi)rded  at  the  j\  or  x\  of  an  inch ;  more  than  half  tbe  char- 
coal became  ignited  to  whiteness,  and  when  the  points  were  witlir 
drawn  a  discharge  took  place,  through  4  inches  of  air,  producing  a 
most  brilliant  ascending  arch  of  light,  broadest  in  tbe  middle  and 
tapering  towards  tbe  charcoal. 

In  this  arch,  platinum  melted  like  wax  in  a  candle;  quartz,  sap- 
phire, magnesia  and  lime  were  fused ;  charcoal,  plumbago,  and  the 
diamond,  without  any  appearance  of  previous  fusion^  were  dissipa- 
ted even  in  vacuo. 


•  See  Phil.  Tram,  1809,  p  385,  Sir  E.  Home. 

t  OalTuuc  light  hw  been  used  to  illuminate  objects  for  tbe  eolar  micro9|rape  ead 
bv  Mr.  Wm.  Allen,  in  hi«  lectures,  to  eibibit  the  pheDomena  of  the  kaleidesoope. 
Obiectfl  seen  in  galvanic  Fight  appear  as  they  do  in  the  sun's  light. — i..  ir.  k. 

T  In  his  account  of  this  battery,  (Phil.  Trans.  1809,)  Mr.  Children  mentioos  die 
remarkable  fact,  that  if  the  plates  are  not  placed  at  a  certain  distance,  spontaDeoue 
^scharges  take  place,  with  virid  electric  light. 
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Oxides  of  tungsten  and  molybdenum  were  reduced,  and  columbic 
oxide  and  the  oxides  of  titanium,  cerium,  and  uranium  were  melt- 
ed ;  diamond  powder,  although  dissipated  from  the  midst  of  soft  iron, 
converted  the  contiguous  parts  into  steel. 

5.  The  connexion  being  formed  in  a  vacuum^*  the  sparks  passed 
through  half  an  inch,  and  by  withdrawing  the  points,  the  discharge 
took  place  dirough  six  or  seven  inches,  with  a  beautiful  corruscation 
of  purple  light ;  the  charcoal  was  intensely  ignited,  and  the  platinum 
wire  with  which  it  was  connected,  was  fused,  and  fell  in  large  globules 
on  the  plate  of  the  pump. 

6.  This  apparatus  produced  ehemieal  decompositions  with  intense 
rapidity;  gave  brilliant  sparks  and  evolved  elastic  matter  in  non- 
conducting fluids,  as  oils,  ether,  and  chloric  compounds,  and  it  pro- 
duced sparks  m  good  imperfect  conductors,  as  nitric  and  sulphuric 
acids. 

7.  The  slightest  contact  charged  the  Leyden  Battery  so  as  to  give 
a  shock  or  a  spark.f 

8.  Mr,  Chtldreh*s  battery  of  20  pairs  of  plates,  four  feet  by  twa, 
as  already  stated,  did  not  affect  the  human  body  more  than  the  same 
number  of  small  plates^  but  a  platinum  wire  j^  of  an  inch  thick,  and 
18  inches  long,  placed  between  bars  of  copper,  became  instantly  red 
bot,  then  white  hot,  the  light  was  soon  insupportable,  and  in  a  few 
seconds  the  metal  fell  fused  into  globules ;  other  metals  were  fused 
or  dissipated  in  vapor ;  the  ignition  of  charcoal  was  vivid  beyond 
the  sun's  Ught. 

Mr.  Children's  other  great  battery  of  20  pairs,  six  feet  by  two  feet 
eight  inches,  charged  with  sulphuric  and  nitric  acids,  in  eaual  pro- 
portions with  ^V  water,  mehed  platinum|  with  ease,  and  ignited 
nearly  six  feet  in  length  of  large  platinum  wire,  {jW  of  an  inch  in 
diameter,)  but  could  not  ignite  an  equal  length  of  smaller  wire ;  this 
difference  was  attributed  to  the  greater  proportionate  extent  of  cool- 
ing surface  in  the  smaller  than  in  the  larger  wire,  and  the  same  ap- 
pears to  be  true  of  other  metallic  wires  ^  the  more  perfect  the  vacuum 
the  more  readily  is  the  wire  ignited,  and  the  ignition  may  be  sustain- 
ed indefinitely,  or  as  long  as  the  battery  is  sufficiently  active.  Pla- 
tinum wire  may  be  ignited  in  hydrogen  gas  or  in  other  gases  that  do 
not  support  combustion,  with  which  process  the  incandescence  has 
no  connexion. 


*  The  air  being  rarefied  00  as  to  support  only  one  fourth  of  an  Inch  of  roercnry. 

f  Davy. 

}  It  ignited  also,  eight  feet  aix  inches  of  platinum  wire  tVt  indues  in  diameter; 
also  a  bar  of  the  same  metal  i  inch  square,  and  two  and  a^alf  inches  long ;  this  wa« 
melted  at  the  end  ;  a  cylinder  rVinr  incites  in  diameter,  and  t  inches  long, 
was  alM  ignited.~Phil.  Trans.  1815. 
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9.  J^nition  of  charcoal  in  chlorine  gas  produces  no  change  ;  bat 
phosphuretted,  sulphuretted,  and  arseniuretted  hydrogen  gases  are 
decomposed  and  deposit  respectively  their  sulphur,  phosphorus  and 
arsenic. 

10.  Heat  is  evolved  during  the  passage  of  the  galvanic  current, 
although  no  light  should  be  visible.  If  a  slender  platinum  wire  be 
inserted  in  any  fluid  and  duly  connected  with  the  apparatus,  the  fluid 
will  grow  hot  and  may  be  made  even  to  boil,  and  the  ebuUidon  may 
be  continued.  The  Oalvanic  batteries  themselves  grow  hot,  and 
when  very  active,  smoke  with  the  rising  vapor. 

11.  Tne  metals  are  ignited  by  the  galvanic  power  unth  differeni 
degrees  of  rapidity.  The  following  metals  were  ignited  by  Mr.  Chil- 
dren's great  battery,  in  the  order  in  which  they  are  named — ^plati- 
num, iron,  copper,  gold,  zinc,  silver,  and  of  course  their  electrical 
conducting  power  is  in  the  reverse  order.*  In  a  chain  composed  of 
altemaung  links  of  silver  and  platinum  soldered  together,  tne  plati- 
num links  may  be  intensely  ignited,  while  those  of  sUver  are  not  sea- 
sibly  heated. 

12.  Among  those  instruments  having  a  large  surface  but  a  smal 
number  of  members,  the  calorimotor  is  preeminent^  in  the  produc- 
^^  ^f  ignition  in  good  conductors.  In  that  of  Dr.  Hare,  as  alrea- 
dy described,  there  are  two  pairs  of  alternating  plates  of  great 
size ;  this  instrument  gives  no  shock,-  produces  no  chemical  decom- 
positions,f  and  does  not  move  the  gold  leaf  electrometer,  nor  does  it 
Ignite  charcoal  points  however  small,  although  m  close  contact,  or 
strike  through  the  smallest  layer  of  air  to  pass  even  to  the  best  con- 
ductor. But  when  any  metallic  substance  with  a  bright  surface  b 
brought  into  perfect  contact,  by  screwing  it  firmly  into  the  jaws  of  the 
vices  that  terminate  its  poles,  and  the  plates  are  then  immersed  in  the 
acid,  intense  ignition  ^llow8,  and  combustion  also,  if  the  metal  is 
combustible  in  common  air.  Platinum  toire  is  instantly  ignited  and 
melted;  a  large  steel  knitting  needle  is  destroyed  before  the  plates  are 
half  immersed,  and  by  a  full  immersion,  iron  naUs  of  the  size  called 
nbe  penny  and  ten  penny  are  ignited  and  bum  vividly  till  the  con- 
nexion is  destroyed  by  burning  in  two.| 

*  For  a  table  by  Mr.  Harris,  of  the  electrical  conducting  powers  of  metals,  see  Dr. 
Thom80Q*i  late  work  on  Heat,  p.  626,  and  Phil.  Trans.  1827. 

t  Except  by  the  effect  of  the  beat  wlilch  Dr.  Hare  found  to  be  sufficient  to  de- 
compose hydrate  of  potassa  by  contact  of  incandescent  iron,  evolving  a  rose  colored 
flame. 

X  In  Dr.  Thomson's  late  work  on  Heat,  &c.  is  this  passage,  (p.  522) ;  '<  a  single 
pair  supposing  the  surface  equally  great  will  be  capable  of  igniting  as  much  wire  as 
any  number  of  pairs  of  plates  constituting  altogether  no  greater  extent  of  surface, 
than  the  single  pair."  Some  error,  probably  typographical,  appears  to  have  crept  in 
here,  for  the  opposite  was  found  true  both  by  Dr.  Hare  and  Mr.  Peale,  when  they  di- 
vided their  large  pairs  into  two  alternating  pairs  containing  the  same  surlaces  of 
metal,  as  is  stated  in  Dr.  Hare's  Memoir,  Am.  Jour.  Vol.  S. 
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IS.  y  diluted  stdphuric  acid  is  vsed  in  this  apparatus,  the  cistern 
is  soon  filled  with  mnumerable  bubbles  of  hydrogen  gas,  which,  cov- 
ering the  top  of  the  fluid,  offen  catch  fire  from  the  ignited  metal,  and 
bum  in  splendid  corruscations  of  party  colored  light,  owing  to  the 
metals  held  in  solution  or  mechanically  raised. 

14.  Fine  magnetic  effects  are  produced  by  the  calorimotor;  see 
electro-magnetism. 

15.  The  calorimotor,  by  several  immersions,  with  little  interval  of 
time,  sometimes  loses  to  a  great  degree  its  power  of  igniting,  although 
the  chemical  action  on  the  metals  may  be  increased  ;  but  by  mere 
suspension  of  the  plates  in  the  air  for  a  short  time,  and  especially  af- 
ter the  interval  of  a  night,  it  regains  its  energy  in  the  very  same  fluid. 

IV.  Combustion  and  Deflagration. 

1 .  The  last  head  and  the  present  might  have  been  blended,  but 
it  is  more  convenient  to  class  the  phenomena  separately,  for  the  light 
and  heat  may  be  evolved  in  a  vacuum  or  in  any  gas,  and  in  conse- 
quence of  the  intense  heat  generated  by  the  galvanic  power,  it  can^ 
in  the  open  air  or  in  close  vessels  containing  oxygen  gas,  be  applied 
to  excite  combustion  in  many  bodies. 

2.  The  inflammable  fluids,  ether,  oils,  alcoliol,  naphtha,  which,  as 
already  mentioned,  are  decomposed  by  passing  the  spark  through 
them,  are  inflamed  by  receiving  the  spark  at  the  surface,  and  in  the 
same  manner  gun  powder,  phosphorus,  and  the  fulminating  metallic 
preparations  are  readily  fired. 

3.  The  metals  present  the  most  interesting  examples  of  galvanic 
combustion,  and  they  are  commonly  burned  in  the  state  of  leaves  or 
of  wire. 

If  a  very  fine  iron,  when  in  connexion  with  one  end  of  a  powerful 
Cruickshank  battery,  be  brought  into  contact  with  mercury  connect- 
ed with  the  other  end,  a  vivid  combustion,  both  of  the  wire  and  of 
the  quicksilver  takes  place. 

4.  The  best  method  of  burning  the  metallic  leaves  is  by  hanging 
ihetnfrom  a  wire  connected  with  one  end  of  the  batter}^,  and  touch" 
ing  them  to  a  plate*  of  metal  lying  upon  the  other  end  of  the  battery, 
or  to  a  flat  plate  of  quicksilver  properly  connected.  When  a  metal- 
lic plate  is  used,  it  should  be  bright  or  covered  with  gilt  foil. 

(a.)  Gold  leaf  bums  with  a  vivid  white  light  tinged  with  blue,  and 
produces  a  dark  brown  oxide. 

(b.)  Silver  leaf  bums  with  a  brilliant  green  color,  like  emerald, 
ana  the  light  is  more  intense  than  from  gold ;  the  oxide  is  of  a  dark 
grav  color. 

(c.)  Copper  bums  with  a  bluish  white  light,  with  red  sparks ;  the 
oxide  is  dark  brown. 

*  It  is  weU  to  Bolder  the  plate  to  the  connecting  wire.      • 
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(d,)  Tin  emits  a  white  light,  and  the  oxide  is  of  a  light  color. 

fe.)  Lead  gives  a  beautiful  ourple  light,  very  vivid. 

(/.)  Zinc;  a  bluish  white  flame,  edged  at  die  moment  of  cootact 
with  red. 

The  peculiar  colors  of  the  burning  metals,  are  more  disdnctly  leeo 
by  a  contact  with  metal  than  with  charcoal,  whose  brilliant  white  light 
absorbs  the  colors  produced  by  the  combustion^of  the  metals. 

J^niiion  and  Camhutiion^  by  the  deflagraior  ofDr,  Ban. 

Under  the  present  head,  some  additional  notice  of  the  peculiar 
powers  of  this  instrument,  is  appropriate. 

1.  Both  in  producbg  ignition  and  combnstionf  the  deflagratarsbr 
surpass  any  other  form  oi  galvanic  instruments. 

(a.)  Charcoal  points^  two  inches  long,  wercj  in  Dr.  Hare's  earif 
experiments,  instantly  ignited^  and  the  light  surpasses  that  bom  anj 
other  source ;  it  sometimes  flashed  through  the  windows  upon  tlie 
neighboring  buildings,  and  it  has  produced  dangerous  inflammatioQ 
in  the  strongest  eyes.* 

(ft.)  ^t  the  moment  of  contact^  or  of  very  near  apfN-oximatioD,  0 
sharp  rushing  noise  is  heard^  which  is  constandy  renewed  at  certaia 
distances,  and  is  occasioned,  evidendy,  by  the  passage  of  the  electri- 
cal, calorific,  and  gaseous  current. 

1c.)  The  existence  of  a  current^  from  the  positive  to  the  negaiise 
(P,  is  decisively  proved  by  the  transfer  of  the  charcoal^  from  the 
positive  to  the  negative  pole ;  on  the  negative  side,  ii  rapidly  colkds 
into  a  knoby  or  projecting  cone,  or  cylinder,  which  frequenUy  becomes 
half  an  inch  or  more  long,  before  it  falls  and  gives  place  to  another. 

(rf.)  On  the  positive  pole  a  correspondent  cavity  is  formed^  out  of 
which  the  vaporized  matter  rises  and  collects  upon  the  negative  pole; 
and  a  new  cavity  can  be  at  any  moment  formed  in  the  positive 
charcoal,  by  directing  the  negative  point  to  a  new  place  upon  it;  the 
cavities  have  no  appearance  of  fusion,  but  retain  the  fibrous  structure 
of  tlie  charcoal. 

(c.)  If  the  charcoal  points  are  now  changed^  that  of  the  negatiFe 
side  retaining  the  projecting  knobsj  the  latter  wHl  be  immediately 
transferred  to  the  other  pole^  whose  corresponding  cavity  trifl  6e  sood 
fUled  by  the  matter  vaporized  from  the  knob  and  after  it  is  removed 
a  cavity  will  come  in  its  place,  and  thus  the  knob  and  cavity  may  be 
made,  at  pleasure,  to  exchange  places. 

(/.)  If  a  metallic  wire  be  fixed  in  the  posiuve  pole,  then  there  is 
no  knob  formed  on  the  negadve  charcoal. 

(^.)  These  facts,  which  I  first  observed  in  1821-22,  are  much  less 
distincdy  seen  with  a  common  battery,  and  not  at  all  widi  one  oitaw- 

*  Dr.  Hare*0  statement  of  his  own  case. 
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erate  size,  but  they  constantly  occur,  conspicuously,  with  a  powerful 
deflagrator,  and  have  been  noticed  by  Dr.  Hare,  Dr.  Griscom,  Dr. 
Torrey,  and  several  other  gentlemen  in  this  country. 

(A.)  ThjR  accumulation  upon  the  negative  pole  hat  every  appear'- 
0!f^ce  of  fusion^  after  previous  volatilization ;  it  is  in  shining  rounded 
masses,  aggregated  often  like  a  cauliflower ;  it  has  a  semi-metallic 
appearapce ;  it  is  harder  than  the  charcoal,  heavier,  much  less  com- 
bustible, and  bums  away  slowly  when  ignited  in  the  air  or  widi  chlo- 
rate of  potassa,  and  forms  carbonic  acid.  See  Vol.  i,  p.  358.  It  is 
obviously  derived  from  the  charcoal  and  must  of  course  contain  its 
impurities.f 

(t.)  SimHar  appearances  are  produced  by  plumbago  and  to  a  de- 
gree by  anthracite ;  plumbago  may  be  volatilized  and  accumulated 
upon  charcoal,  and  the  latter  may  be  transferred  to  the  former,  when 
it  exhibits  beauuful  tufts ;  the  light  from  plumbago  points  is  very  in- 
tense and  even  more  rich  than  from  charcoal. 

2.  Combmiion  by  the  deflagrator  is  exceedingly  vivid ;  the  me- 
tallic leaves  vanish  in  splendid  corruscations ;  a  platinum  wire  sev- 
eral feet  in  length,  fixed  between  the  poles  while  the  metals  are 
in  the  air,  becomes  red  and  white  hot,  and  melts  the  instant  diey  are 
immersed ;  the  largest  wire  of  this  metal  fixed  in  one  pole  and  touch- 
ed to  charcoal  in  the  other,  meks  like  wax  in  a  candle,  and  is  dissi- 
pated in  brilliant  scintillations;  a  watch  spring  or  a  large  steel  knitUng 
needle,  fixed  in  the  same  manner  and  touched  to  the  charcoal  point, 
burns  completely  away  with  a  torrent  of  light  and  sparks ;  a  stream 
of  mercury  flowing  from  a  funnel  is  deflagrated  with  brilliant  light, 
and  an  iron  wire  is  fused  and  welded  to  another  under  water. 

3.  There  is  no  perceptMt  impediment  or  loss  in  the  flow  of  the  gal- 
vanic current,  from  another  room,  through  a  circuit  of  150  feet  of  ap- 
paratus and  communicating  leaden  rods  ;|  the  spark  may  be  taken  at 
any  intermediate  points  by  connecting  the  two  sides  of  the  battery,  and 
very  beautiful  combustions  are  produced  by  running  metallic  leaves  or 


i  Dr.  Thomson  (on  Heat  and  Electricity  page  170  note)  says  that  he  repeated  the 
experiment  and  obtained  "  a  microscopic  bead," — which  consisted  of  the  earthy 
matters  of  which  charcoal  is  never  destitute ;  he  does  not  say  that  he  analyzed  it. 
But  with  powerful  deflagrators  the  fused  masses  are  not  microscopic,  Uiey  are 
objects  for  the  naked  eye.  If  Ihey  are  merely  fused  earths,  why  is  there  no  ap- 
pearance of  fusion  on  the  positive  pole,  but  a  cavity  from  which  the  carbon,  and 
every  thing  else  is  removed.  With  nte,  it  happend  equally  well  in  a  glass  globe 
filled  with  azote ;  there  was  no  volatilized  charcoal  collected  within  the  glass, 
and  in  azote,  there  could  be  no  carbonic  acid  gas  formed ;  what  then  became  of 
the  carbon  ?  Is  it  credible  that  mere  earths  should  pass  back  and  forward  in  vapor 
between  the  poles  ?  Dr.  Torrey  suggests  that  the  knob  is  volatilized  carbon,  but 
that  the  small  rounded  masses  at  the  ends  may  admit  of  a  question.  It  is  only  with 
a  powerful  deflagrator  that  these  experiments  are  sti iking. 

t  The  Deflagrator  with  coils,  already  described,  stands  in  another  room,  and  the 
power  is  brought  into  the  lecture  room  by  leaden  conductors. 

Vol.  U.  85 
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wires  connected  with  one  pole  rapidly  along  the  leaden  rod  wfaidiii 
the  conductor  to  the  other. 

4.  The  ihockfnm  ike  deftagrator  if,  as  I  have  thought,  ratber 
more  severe  than  from  an  equal  number  of  pairs  of  the  common  iol- 
tery;  probablj  this  is  on  account  of  its  being  received  when  it  is  it 
a  maximum. 

5.  All  the  effects  of  the  deflagrutor  are  easUy  renewed^  from  day  to 
day  with  the  same  fluid,  provided  we  add  to  it  occasionally  a  lilde 
fresh  acid ;  t^  exhibits  a  decided  magnetie  energy • 

INCOMPATABILITT    OF    GALVANIC    INSTRUBCENTS. 

I  beg  leave  to  refer  the  reader  to  a  series  of  papers  and  notices 
by  Dr.  Hare  and  by  myself,  contained  (passim,)  in  the  first  e^ 
volumes  of  the  American  Journal  of  Science,  upon  cabrimoton 
and  deflagrators  and  other  galvanic  instruments,  and  their  various 
uses  and  applications.  In  the  course  of  the  experiments,  men- 
tioned in  some  of  those  papers,  I  observed  the  incompatibilities  now 
to  be  mentioned.*  I  must  refer  as  above,  for  the  details,  as  I  have 
room  only  for  the  conclusions. 

1.  The  galvanic  troughs  and  the  deflagrator  paralyze  eadaikr 
and  cannot  be  made  to  act  in  concert ;  when  acting  separatdj  b 
full  energy  the  power  of  both  is,  for  the  moment,  annihilated  vbeo 
they  are  joined ;  still,  the  power  of  the  battery  will  flow  through  the 
deflagrator  provided  its  coils  are  in  the  air,  but  not  if  immersed  or 
even  if  only  touching  the  fluid  at  its  surface. 

2.  The  calorimotor  does  not  impede  the  action  <f  the  trov^;  t 
allows  their  energy  to  pass  through  itself,  hut  it  contr^mtes  nothing  to 
aid  their  power  and  cannot  be  made  to  prcject  its  own  power  thrffs^ 
the  troughs. 

3.  Tne  same  fact  is  true  of  the  calorimotor  in  relation  to  the  A- 
flagrator;  the  power  of  these  instruments  cannot  be  made  to  unite; 
only  the  calorimotor  allows  a  transit  to  the  power  of  the  deflagrator; 
but  the  deflagrator  does  not,  in  turn,  transmit  the  power  of  the  cal- 
orimotor. 

4.  The  calorimotor^  however,  when  connected  at  once  vnth  tk 
troughs  and  vnih  the  deflagrator  enables  them  so  far  to  unite,  that  the 
deflagrator  acts  through  the  troughs,  but  without  deriving  any  increase 
of  power  from  them  or  from  the  calorimotor ;  the  calorimotor  is  then 
an  intermedium  for  the  troughs  and  for  the  deflagrator,  otherwise  id- 
compatible. 

5.  It  seems,  hitherto,  impossible  to  obtain  any  increase  of  power 
by  combining  the  difierent  kinds  of  galvanic  apparatus. 


*  See  Dr.  Hare's  reoiarks  upon  this  subject  iu  Aju.  Jour.  Vol.  v,  p.  105. 
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V.  Electro-magnetism. 
I.  Action  or  the  connecting  wire  of  a  galvanic  pile 

ON    THE    needle. 

The  ejSects  of  all  the  galvanic  arrangements  alluded  to  in  the  pre* 
ceding  pages,  take  place  in  bodies  interposed  between  the  extremi- 
ties of  conductors  proceeding  from  the  positive  and  negative  poles, 
or  so  situated  as  to  form  of  themselves  a  part  of  the  galvanic  circuit. 

1.  In  the  year  1820,  Frof.  Oersted^  of  Copenhagen,  reasoning 
upon  the  effects  of  electricity,  as  one  of  the  general  powers  of  nature, 
succeeded  in  proving^  by  experiment,  that  the  magnetic  needle  is  in- 
fluenced by  a  galvanic  discharge^  when  placed  out  of  the  galvanic 
current.  This* most  interesting  observation,  led  to  all  the  discoveries 
that  have  followed,  in  electro-magnetism.  When  a  wire,  connecting 
the  opposite  poles  of  a  battery  in  full  action,  was  brought  horizontally 
over  a  magnetic  needle,  and  at  a  distance  not  exceeding  three  fourths 
of  an  inch.  Prof.  Oersted  found  that  the  needle  was  immediately  dis- 
turbed and  evinced  a  tendency  to  arrange  itself  at  right  angles  to  the 
wire ;  the  pole  next  to  the  negative  end  of  the  battery  always  turn- 
ing to  the  west.  On  the  contrary,  when  the  wire  was  carried  below 
the  needle,  all  the  other  circumstances  remaining  unchanged,  the  pole 
next  to  the  negative  end  of  the  battery  turned  from  its  natural  position 
to  the  east.  When  brought  on  the  west  side  of  the  needle  and  in 
the  same  plane  with  it,  the  needle  still  occupied  the  magnetic  meri-^ 
dian,  but  the  pole  next  to  the  negative  end  of  the  battery  was  de- 
pressed ;  when  the  wire  was  to  the  east,  the  same  pole  was  elevated.* 

2.  The  energy  of  these  effects  declines  with  the  decreasing  power 
of  the  battery  and  with  the  distance  of  the  wire  from  the  needle ;  but 
while  the  battery  retains  any  magnetic  energy,  contrary  to  what  takes 
place  in  other  effects  of  electricity  and  galvanism,  the  influence  of  the 
uniting  wire  passes^  without  the  slightest  obstruction  or  diminution  of 
power  on  the  needle,  through  plates  ofglass^  metal  or  wood^  the  disc 
of  an  electrophorusy  or  even  a  stone-ware  vessel  containing  water. 

3.  The  conjunctive  wire  may  consist  of  any  metal;  nor  does  it  lose 
its  effect,  although  interrupted  by  a  column  of  water,  of  several  inches 
m  length. 

4.  It  has  been  lon^  known  that  the  electro-magnetic  effect  may  be 
produced  by  common  dectricityy  discharged  from  a  powerml  electrical 
oattery. 

*  The  electro-magnetic  experiments  of  Oersted  have  thus  put  us  in  possession  of 
a  galvanometer,  capable  of  pointing  out  the  din-action  of  the  electric  current  under 
all  circumstances.  When  the  current  is  interrupted,  no  eflect  is  produced  on  the 
needle ;  but  the  moment  it  is  restored,  the  north  pole  is  carried  to  the  left  of  the  cur- 
rent which  acts  upon  the  needle. 
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5.  The  galvano-Tnagnetic  phenomena  are  best  observed  with  a 
gle  pair  of  plates^  and  the  results  are  more  energeuc  in  proportioo 
to  the  increased  size  of  the  plates. 

ir.  AttractiOiNs  and  repulsions  by  galvanic  currents- 

1.  Not  long  after  the  discovery  of  Prof.  Oersted,  M.  Ampere 
found  that  when  two  currents^  from  different  galvanic  batteries,  are 
moving  iji  the  same  direction,  in  parallel  unres,  they  attract  eadi 
other;  but  when  moving  in  opposite  directions  they  repd.  He  pla- 
ced, parallel  to  each  odier,  two  conducting  wires,  uniting  the  nega- 
tive and  positive  poles  of  a  galvanic  battery.  One  of  these  wires  was 
moveable,  and  the  effect  was,  that  it  was  attracted  by,  and  made  to 
approach  the  immoveable  conducting  wire.  When,  by  the  aid  of  ao- 
odier  battery,  the  currents  were  made  to  move  in  the  opposite  direc- 
tion, the  moveable  conducting  wire  was  repelled  and  receded  from  the 
immoveable. 

2.  From  this  very  important  experiment,  and  from  one  to  be  de- 
tailed farther  on.  Ampere  has  endeavored  to  show,  that  magnetism 
arises  from  the  attractions  and  repulsions  of  currents  of  electricity^ 
constantly  circulating  around  every  m(^net^  It  is  to  be  remarked, 
that  the  attractions  and  repulsions  thus  manifested  are  directly  the 
reverse  of  those  produced  by  common  electricity;  for  it  has  long 
been  known  that  bodies  in  tlie  same  state  of  electricity  repel,  and  in 
opposite  states  attract  each  other,  but  electro-magnetic  currents, 
when  moving  in  the  same  direction,  always  attract,  and  in  the  oppo- 
site, always  repel  each  other. 

III.  Rotation  of  a  wire  around  the  magnet. 

Mr.  Faraday's  observations  upon  the  position  of  the  magnetic  nee- 
dle, with  respect  to  die  conjunctive  wire,  deserve  to  be  mentioned 
next,  although  they  do  not  follow  pretisely  in  the  order  of  discovery.* 

1 .  Mr.  Faraday  found  that  the  apparent  attraction  of  the  needle 
on  one  side,  and  its  consequent  repulsion  on  the  other,  did  not  occur 
under  all  circumstances;  but  that  according  as  the  tcire  was  placed 
nearer  to^  or  farther  from,  the  pivot  of  the  needle,  attractions  or  re- 
pulsions were  produced  on  the  same  side  of  the  wire.  When  the 
wire  is  made  to  approach  perpendicularly  towards  one  pole  of  the 
needle,  the  pole  will  pass  ofT  on  one  side,  in  that  direction  which  the 
attraction  and  repulsion  at  the  extreme  point  of  the  pole  would  give. 
But  if  the  wire  be  continually  made  to  approach  the  center  of  motion, 
by  either  the  one  or  the  otlier  side  of  the  needle,  tlie  tendency  to 
move  in  the  other  direction  diminishes ;  it  then  becomes  null,  and  the 
needle  is  quite  indifferent  to  the  wire.  Ultimately  the  motion  is  re- 
versed and  the  needle  powerfully  endeavors  to  pass  the  opposite  ufay, 

*  English  Quarterly  Journal,  Vol.  xU. 
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2.  From,  these  phenomena,  t^  was  inferred  that  the  center  of  mag- 
nelic  action,  or  the  true  pole  of  the  needle,  u  not  placed  at  its  ex- 
tremityy  but  in  its  axis,  at  a  little  distance  from  the  extremity  and 
towards  the  middle, — that  this  point  lias  a  tendency  to  revolve  round 
the  wire,  and  necessarily,  also,  the  tvire  to  revolve  around  the  point. 
And  as  the  same  effects,  in  the  opposite  direction,  take  place  with  the 
other  pole,  Mr.  Faraday  concluded  that  each  pole  had  the  power  of 
acting  on  the  vnre  by  itself,  and  not  as  any  part  of  the  needle  or  as 
connected  with  the  opposite  pole.  The  attractions  and  repulsions 
he  regarded  only  as  exhibitions  of  the  revolving  motion  in  different 
parts  of  the  circle. 

This  revolving  motion  was  illustrated  in  the  following  manner ;  a 
portion  of  mercury  was  poured  into  a  glass  tube,  placed  perpendicu- 
larly, the  lower  end  of  which  was  closed  with  a  cork ;  a  small  mag- 
net penetrated  this  cork,  and  one  of  its  poles  was  pushed  so  far  up, 
that  it  rose  a  litde  above  the  surface  of  the  mercury.  At  the  top  of 
the  tube  was  another  cork,  through  which  passed  a  piece  of  copper 
wire ;  at  the  lower  end  this  was  bent  up  into  a  hook,  and  from  the  lat- 
ter was  suspended  a  second  fine  copper  wire,  so  as  to  enjoy  a  free  ro- 
tatory motion  on  the  hook,  the  lower  end  of  the  wire  just  dipping  into 
the  mercury.  That  the  electricity  might  move  readily  through  these 
wires,  the  loops  by  which  they  were  connected  were  previously  amal- 
gamated,  which  increased  the  closeness  of  their  contact.  The  mer- 
cury was  now  connected  with  one  of  the  poles  of  a  galvanic  battery, 
by  means  of  the  magnet,  while  the  wire  at  the  top  of  the  tube  was 
connected  with  the  other  pole.  The  galvanic  current  was  thus  made 
to  pass  through  the  mercury  and  the  two  wires ;  and  it  was  found 
that  whenever  the  communication  was  established,  the  freely  sus- 
pended copper  wire  began  to  revolve  around  the  pole  of  the  magnet, 
and  continued  to  do  so  as  long  as  the  transmission  of  the  power  was 
kept  up.  If  tlie  wire  was  fixed,  and  the  pole  of  the  magnet  render- 
ed moveable,  the  latter  was  found  to  revolve  in  the  same  manner 
around  the  former.  The  direction  of  the  rotation,  depended  upon 
the  direction  of  the  current,  flowing  through  the  apparatus. 

If  the  dial-plate  of  a  watch  be  supposed  to  represent  the  surface 
of  the  mercury,  and  the  pivot  in  the  center,  to  represent  the  north 
pole  of  the  magnet;  then,  when  the  upper  part  of  the  wire  was  con- 
nected with  the  negative  extremity  of  the  battery,  the  lower  end  re- 
volved round  the  magnet  in  the  direction  in  which  the  hands  of  the 
watch  move :  when  the  connexion  was  reversed,  or  the  mapietic 
pole  changed,  the  motion  was  the  reverse  of  that  of  the  hands.* 


*  ThU  simple  arrangement  was  afterwards  exceedingly  varied  by  its  contriver,  as 
well  as  by  many  other  persons ;  and  a  great  variety  of  pieces  of  apparatus  was  in- 
vented, exhibiting  these  rotatory  motions  of  magnetic  poles  around  conducting  wires 
or  rather  of  conducting  wiren  aroiinil  magnetic  poles.    Of  these  a  very  convenient 
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net  J  capable  of  supporting  a  heavy  bar  of  iron.  By  suspending  the 
connexion  with  the  battery,  the  force  was  instantly  destroyed,  and  k 
was  again  restored  by  a  renewal  of  the  connexion. 

2.  Dr.   MoWs  experiments. — Dr.  MoU,  of  the   University  d 
Utrecht,*  in  repeating  the  above  experiment,  used  a  large  galfosk 
surface.    The  length  of  his  horse-shoe  was  about  eight  and  a  hdf 
inches  by  one  inch  in  diameter  ;  the  copper  wire  was  coiled  eighr 
three  times  from  right  to  left  around  tlie  iron.     The  ends  of  the  wires 
as  well  as  those  of  the  battery  were  plunged  into  cups  fiDed  whli 
mercury.     The  galvanic  apparatus  consisted   of  a   single  copptr 
trough^  in  which  a  zinc  plate  was  immersed j  whose  acting  surface  w 
about  eleven  sauarefeet.    As  soon  as  the  add  W€U  introduced,  tk 
armature  lifiea  fifty  pounds^  and  by  gradual  additions,  sustained 
seventy  five  pounds.     The  south  pole  of  the  magnet  was  on  that  side 
on  which  the  copper  spiral  wire  dipped  into  the  cup  connected  widi 
the  zinc  plate. 

The  magnetism  was  nearly  destroyed  by  shifting  the  canniaA^ 
wires  from  one  cup  to  the  other ;  as  soon  as  the  connexion  vm  n- 
established^  the  magnet  recovered,  at  once,  its  original  strengthycsli 
the  poles  were  reversed. 

Although  the  horse-shoe  was  possessed  of  a  magnetic  force  cnij 
during  the  action  of  the  battery,  it  was  found  capable  of  cojnmvxftca- 
tir^  strong  and  lasting  magnetism  to  hardened  steel  bars  andcmpo» 
needles.f  The  horse-shoe  could  not,  by  augmenting  the  strength  of 
the  galvanic  apparatus,  be  made  to  support  any  greater  weight.  Or- 
Moll  also  experimented  with  a  larger  horse-iJioe,  weighing  about 
twenty  six  pounds,  coated  with  silk  and  wound  around,  at  first,  vrih 
44  turns  of  brass  wire,  the  acting  galvanic  surface  being  the  same  ts 
in  the  first  instance,  when  it  supported  136  lbs. ;  then  with  40  wrus 
of  iron  wire,  it  supported  154  pounds. 

3.  Experiments  of  Prof,  Jos.  Henry  and  Dr.  TcnEycl.— This 
class  of  experiments  has  recently,  in  this  country,  been  extend- 
ed in  a  very  happy  manner  by  Mr.  Henry,  of  the  Albany  Acade- 
my, assisted  by  Dr.  Philip  TenEyck.  The  object  was  not  nurdf  i9 
impart  to  soft  iron  its  greatest  magnetic  effect^  but  to  do  it  by  ntOMS 
of  the  smallest  possible  quantity  of  galvanism.^ 

(a.)  A  bar  of  soft  iron,  two  inches  square  and  twenty  inches  l«ij> 
was  bent  into  the  form  of  a  horse  shoe,  nine  and  a  half  inches  hip- 
Its  weight  was  twenty  one  pounds,  and  that  of  its  armature  se?eo 
pounds. 


*  See  Am.  Jour.  Vol.  xix,  p.  829. 

i  Prof.  Moll  does  not  state  whether  the  galvanic  mafi;oct  couW  impwt  n^*P*  *?" 
after  it  was  detached  from  its  connexioD  with   the  battery;  we  presume  tD»l 
.  trials  were  mado  during  its  connexion.  X  Am.  Jour.  Vol.  m,  p-  *^' 
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(i.)  Around  the  horse-shoe,  540  feet  of  copper  bell-wire  were 
wound  in  nine  separate*  coils  of  60  feet  each :  the  coils  not  being 
continued  around  the  whole  length  of  the  bar ;  but  each  strand  of 
wire  occupied  about  2  inches,  and  was  coiled  several  times  back- 
ward and  forward  upon  itself.  The  ends  of  these  wires  were  left 
projecting,  and  all  numbered,  so  that  the  first  and  the  last  end  of 
each  might  be  readily  distinguished. 

(c.)  In  this  way,  one  combination  of  wire  or  more  could  be  made 
by  merely  uniting  the  different  projecting  ends.  Thus,  if  the  second 
end  of  the  first  wire  was  soldered  to  the  first  end  of  the  second  wire, 
and  so  on  through  all  the  series,  the  whole  would  be  made  to  form 
a  continuous  and  undivided  wire.  By  soldering  different  coils,  the 
whole  was  capable  of  being  formed  into  a  double  coil  of  half  the 
length  of  the  whole  wire,  or  into  a  triple  coil  of  one  third  the  length, 
8cc.  The  horse-shoe  was  suspended  in  the  manner  indicated  by  the 
annexed  wood  cut. 


Deieriptum.—A,  the  magnet  covered  with  linen,  the  ends  of  the  wires  projecting 
so  as  to  be  soldered  to  the  galvanic  element  B.  C,  a  cup  with  dilute  acid  on  a  move- 
able shelf.  D,  a  graduated  lever.  E,  a  counterpoise.  F,  a  scale  for  supporting 
weight. 

(d.)  A  galvanic  battery  was  used  consisting  of  two  concentric 
copper  cylinders  with  zinc  between  them.  The  whole  amount  of 
zinc  surface  exposed  to  the  acid  was  |  of  a  square  foot ;  and  the  bat- 
tery needed  only  half  a  pint  of  dilute  acid  for  its  submersion. 


Am 


•  For  the  reasons  which  led  to  tiiis  novel  arrangement,  sec  Mr.  Henry*s  paper, 
m.  Jour.  Vol.  xix,  p.  400. 
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(e.)  Each  wire  of  the  horse-shoe  was  soldered  to  the  battery  in 
succession,  one  at  a  Ume,  and  the  magnetism  developed  by  each  vis 
just  sufficient  to  support  the  weight  of  the  armature  of  the  horse-shoe. 

(/.)  Two  wires,  one  on  each  side  of  the  horse-shoe  were  then  ai- 
tacbed  ;  the  weight  lifted  was  145  pounds. 

{g.)  With  two  wires,  one  from  each  extremi^  of  the  legs,  the 
weight  lifted  was  200  pounds. 

(X.)  With  three  wires,  one  from  each  extremity  of  the  legs,  and 
the  other  from  the  middle  of  the  arch,  the  weight  supported  was  300 
pounds. 

(i.)  With  four  wires,  two  from  each  extremity,  the  weight  lifted 
was  500  pounds,  besides  the  armature  ;  when  the  acid  was  remored 
from  the  zinc,  the  magnet  continued  to  support,  for  a  few  minutes. 
130  pounds.  >^ 

ij.)  With  six  wires,  the  weight  supported  was  570  pounds;  aod 
I  all  the  wires,  650  pounds. 

(A:.)  Another  battery  was  tlien  employed  in  the  place  of  that  used 
for  the  foregoing  experiments  :  its  zinc  plate  measured  twelve  inches 
by  six.  The  weight  lifted  in  this  case  was  750  pounds,  which  ap- 
peared to  be  the  greatest  strength  the  magnet  was  capable  of  receiv- 
mg,  as  a  calorimotor  containing  28  plates  of  copper  and  zioc,  each 
eight  inches  square,  did  not  in  the  least,  augment  its  power ;  but 
with  a  pair  of  plates  exactly  one  inch  square  and  connected  with  aO 
the  wires,  28  pounds  were  raised.* 

Mr.  Henry  and  Dr.  TenEyck  have  proved  that  a  great  evolution  of 
magnetism  may  be  made  by  a  very  small  galvanic  element ;  that  the 
power  of  the  coil  is  very  much  augmented  by  increasing  the  number 
of  wires  witliout  adding  to  their  length  individually ;  that  the  current 
from  a  galvanic  trough  is  mpre  efficient  in  magnetizing  soft  iron,  after 
traversing  a  wire  more  than  }  of  a  mile  long,f  than  when  it  passes 
only  through  the  wire  surrounding  the  magnet ;  that  if  we  use  a  very 
long  wire  it  must  be  connected  with  a  battery  consisting  of  a  num- 
ber of  pairs  of  plates ;  that  if  we  use  a  number  of  wires,  only  a  sin- 
gle pair  of  plates  is  needed,  and  tliose  that  are  very  small  will  efvolve 
great  power ;  that  the  magnetism,  imparted  to  soft  iron  by  a  galvanic 
current,  is  much  greater  than  can  be  produced  by  the  ordinary  method 
of  touching,  as  the  most  powerful  magnets  in  Europe  J  lift  but  250  lbs. 
and  the  largest  magnet  in  this  country^  lifts  310  lbs. 

•  Messrs.  Henry  and  TenEyck  have  ascertained  that,  to  a  certain  extent,  the  pow- 
er increases  by  increasing  the  quantity  of  iron,  without  enlarging  the  size  of  the  p* 
▼anic  element.  , 

t  The  wire  was  disposed  in  a  sufficient  nuniher  of  turn?,  forward  and  bRCJtwire» 
|icro99  a  large  room,  so  that  the  entire  length  was  as  stated  in  {he  text. 

t  See  Dr  Moll's  paper,  Am.  Jour.  Vol.  kix,  p.  329. 

§  That  of  Mr.  Peale,  of  Philadelphia,  made  I  believe,  hy  Mr.  Lukens. 
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[  With  one  pole  Mr.  Henry*s  magnet  sustained  but  6  or  6  lbs.  while 

,  with  both  poles,  it  lifted  from  700  to  750.     Dr.  TenEyck  succeed- 

I  ed  in  causing  a  very  small  galvanic  magnet  to  lift  420  times  its  own 

weight,  while  the  strongest  ordinary  magnet  before  known  would 
^  raise  but  250  times  its  own  weight. 

VI.  Apparatus  to  show  the  magnetic  influence  of  the 

^  GLOBE. 

1.  The  discoveries  which  remain  to  be  slated,  are  among  the  most 
t  important  relating  to  electro-magnetism,  inasmuch  as  they  seem  to  con- 

!  firm  the  only  probable  theory  on  this  subject ;  they  are  due  original- 

I  ly  to  the  investigations  of  M.  Ampere.     He  endeavored  to  show  that 

a  connecting  vnre^  $uspended  so  as  to  have  perfect  freedom  of  motion, 
I  was  influenced,  both  by  the  electric  currents  in  the  viire  and  by  the 

magnetism  of  the  globe. 
;  2.  His  apparatus  consisted  merely  of  a  copper  wire  bent  into  a 

circle,  with  the  two  extremities  brought  near  each  other.     It  was  sup- 
^  ported  so  as  to  move  with  the  greatest  facility,  and  the  points  were  im- 

.  mersed  in  contiguous  basins  of  mercury,  with  which  the  wires  of  a  gal- 

vanic battery  were  connected.  When  the  communication  was  es- 
tablished, so  as  to  cause  a  galvanic  current  to  pass  through  the  circle, 
it  immediately  began  to  move,  and  after  some  oscillations  placed  it- 
self east  and  west,  or  nearly  at  right  angles  to  the  magnetic  meridian. 

3.  When  a  magnet  was  presented  to  this  circle,  in  the  directiott 
of  its  axis,  one  pole  of  the  magnet  repelled  the  circle  and  caused  it 
to  move  away ;  and  when  the  opposite  pole  was  presented,  it  attrac- 
ted the  circle,  which  approached,  and  even  moved  along  tlie  magnet^ 
with  the  latter  in  its  center,  thus  exhibiting  distinct  marks  of  magne-* 
tism,  particularly,  that  most  characteristic  one,  of  the  axis  pointing 
always  to  the  north. 

4.  If  the  galvanic  current  was,  by  reversing  the  connecting  wiresy 
made  to  flow  in  an  opposite  direction,  the  circle  turned  half  rounds 
and  placed  itself  east  and  west. 

5.  A  more  convenient  form  of  the  apparatus  was  contrived  by  M/ 
de  la  Rive,  in  which  the  electricity  was  generated  without  the  aid  of 
a  battery.  It  consisted  of  two  small  plates  of  zinc  and  copper  at- 
tached to  cork,  and  connected  by  a  spiral  brass  wire.  When  the  ap" 
paratus  was  placed  upon  the  surface  of  an  acid  liquor,  the  metals  be- 
ing undermost,  and  the  whole  allowed  to  float  at  pleasure,  it  arranged 
itself  in  the  manner  described  above.* 

*  Profs.  Schwei^^r  sind  Pog^endorf  took  advantage  of  this  prG(|yerty,  which  a  spiral 
wire  has  of  increasing  the  intensity  of  the  action  of  the  electric  current  on  the  magnet, 
to  construct  a  very  useful  little  instrument,  for  the  detection  of 'the  smallest  possi- 
ble currents  of  electricity,  and  which  they  call  an  electric  multiplier.     Around  a 


684  liLFXTRO-WAGNETISM. 

VII.  Theory  of  M.  Ampere. 

1 .  It  remains  only  to  give  an  outline  of  ilie  much  admired  theory 
of  Ampere,  already  mentioned,  and  which,  for  ingenuity,  has  rarely 
been  surpassed. 

2.  The  first  principle  of  the  theory  has  been  already  noticed,  that 
two  galvanic  currents  attract  when  they  move  parallel  to  each 
other  and  in  the  same  directionj  and  repely  when  they  move  parallel  to 
each  other  in  contrary  directions,  which  is  the  reverse  of  the  usual 
effects  of  electricity. 

3.  Hence  it  is  inferred,  that  these  results  depend  on  elecirical prop- 
erties, previously  unsuspected,  and  that  they  are  peculiar  to  elec- 
tricity when  in  motion,  or  flowing  in  currents.  Electricity,  when 
accumulated,  has  the  power  of  producing  certain  efiects,  particularly 
attractions  and  repulsions ;  but  when  moving  in  currents,  it  exerts 
new  powers,  and  these  constitute  magnetism. 

4.  To  bring  together  concisely  the  various  experiments  mentioo- 
ed  in  the  preceding  pages,  so  far  as  they  bear  on  this  point, — it  has 
been  found,  that  the  connecting  wires  of  two  batteries  attract  aud 
repel  each  other  according  to  the  direction  of  the  currents  flow- 
ing through  them  ;  that  the  magnetic  needle  is,  in  exactly  the 
same  manner,  attracted  and  repelled  by  a  connecting  wire,  ac- 
cording to  the  direction  of  the  current  moving  through  the  wire ; 
that  whenever  the  circuit  is  broken,  this  influence  on  the  needle 
ceases,  and  is  renewed  whenever  the  communication  between 
the  poles  of  the  battery  is  restored  ;  that  the  connecting  wire,  of 
whatever  metal  it  may  consist,  becomes  a  perfect  magnet  as  long  as 
the  current  flows  along  it ;  that  steel  needles  may  be  converted 
into  permanent  magnets,  by  simply  placing  them  across  the  connect- 
ing wire  ;  that  the  galvanic  currents  which  possess  this  magnetizing 
power  are  not,  like  accumiilated  electricity,  confined  by  glass  or  other 
non-conductors,  but  pass  through  all  bodies  with  facility,  as  magne- 
tism was  before  knowu  to  do  ;  that  the  magnetizing  power  is  exerted 


common  bra^s  wire,  silk  is  coiled  In  order  to  efl^ct  its  insulation,  and  then  turned 
into  circles  of  fifty,  one  hundred,  or  two  hundred  convolutions  of  the  wire, — tbe 
great6r  the  number,  the  fi^i^ater  is  the  delicacy  of  the  instrument  This  hank  of 
wire  is  kept  in  its  position  by  tyin^  it  with  silk  thread :  the  two  extremities  of  the 
wire  being  left  loose  and  of  some  length  are  brought  uito  contact  with  a  galvanic 
pile  in  action,  the  current  passes  through  all  the  windings  of  the  w^ire.  A  rery 
moveable  magnetic  needle  beinir  placed  upon  a  proper  support  in  the  middle  of  this 
bank,  is  Immediately  aflccted,  and  turns  itself  so  as  to  be  at  right  angles  to  the  bank. 
In  an  instrument  of  tliis  description,  made  and  sold  by  Mr.  G.  Chilton  of  New 
York,  the  ends  of  the  wire  arc  terminated,  one  by  a  small  wire  of  copper  and  the 
other  by  one  of  zinc,  which  compose  the  whole  of  the  galvanic  battery:  when 
they  are  immerfed  in  a  wine  glass  of  dilute  acid,  (he  needle  instantly  places  itself 
at  right  angles  to  tbe  magnetic  meridian. 
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by  electricity,  whether  evolved  by  a  galvanic  apparatus  or  by  a  common 
machine  ;  that  powerful  magnets  may  be  formed  by  conducting  elec- 
tric currents  around  bars  of  iron  and  steel,  and  that  the  position  of 
the  north  and  south  poles  of  these  magnets  depends  upon  the  direc- 
tion in  which  the  currents  are  made  to  move  around  them  :  these 
and  a  great  number  of  other  facts,  it  is  conceived  by  Ampere,  clear- 
ly demonstrate  the  identity  of  electricity  and  magnetism. 

5.  Currents  of  electriciUj^  therefore,  according  to  the  theory,  are 
essential  to  the  production  of  magnetic  ^phenomena.  The  common 
magnet  is  conceived  by  Ampere  to  be  an  assemblage  of  electric 
currents^  moving  round  it  in  planes  perpendicular  to  its  axis  ;  their 
number  being  as  great  as  that  of  the  lines  which,  without  Cutting 
one  another,  may  be  imagined  to  form  dosed  curves  all  around  it. 
Magnetization,  he  says,  imparts  electro-motive  energy  to  the  particles 
of  common  steel,  and  causes  a  circulation  of  the  currents  to  be  con- 
tinued round  them.  These  currents  attract  all  other  electric  currents 
flowing  in  the  same  direction,  and  repel  all  others  which  are  moving 
in  an  opposite  direction ;  from  which  it  follows  that  the  currents  of 
one  magnet,  have  always  a  tendency  to  move  any  other  magnet  near 
it,  till  the  currents  in  the  second,  shall  coincide  in  direction  with  those 
in  the  first.  It  is  important  to  observe  also,  that  the  electric  currents 
flow  around  every  magnet  in  the  same  direction  in  reference  to  its 
poles.  If,  for  instance,  we  place  a  magnet  with  its  north  pole  point- 
ing to  the  north  (in  the  usual  position  of  the  magnetic  needle,)  the 
current  of  electricity  flows  round  it  from  west  to  east;  or,  on  the  east- 
ern side  of  the  magnet  it  is  moving  downwards,  and  on  the  western 
side  upwards ;  on  the  upper  side  from  west  to  east,  and  on  the  lower 
side  from  east  to  west. 

6.  On  these  principles  the  phenomena  of  magnetism  are  easily  ac- 
counted for.  Thus,  when  two  magnets  are  attracting,  the  north 
pole  of  one  the  south  pole  of  the  other ;  the  electric  currents  must 
flow  in  the  same  direction,  in  both  of  them,  that  is  from  east  to  west, 
(provided  the  magnets  are  so  situated  that  the  north  poles  of  both, 
point  to  the  north) ;  hence,  as  currents  moving  in  the  same  direction, 
attract,  the  opposite  poles  ought  to  attract  each  other,  as  is  found  in 
all  instances  to  be  the  case. 

But  suppose  the  poles  in  the  most  northerly  magnet  in  this  exper- 
iment, to  be  reversed ;  let  its  north  pole  be  approached  to  the  north 
pole  of  the  other;  the  electric  currents  will  continue  to  flow  round 
it,  in  the  same  direction  as  before ;  but  in  reference  to  the  other 
magnet  and  to  the  meridian,  their  direction  will  be  reversed; — it  will 
now  be  from  east  to  west,  upwards  on  the  eastern  side  and  downwards 
on  the  western ;  consequently,  the  currents  in  the  two  magnets  being 
now  opposite  will  repel,  or  what  is  the  same  thing,  the  two  north  poles 
will  repel  each  other. 
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7.  The  reoion  why  the  magnetic  needle  so  readily  jdaees  itself  at 
fi^ht  angles  to  the  connecting  wire  of  the  battery  is  this;  in  the  nee- 
dUf  the  currents  flow  round  its  aonsyfrom  end  to  end  ;  in  the  conned" 
ing  wire  there  is  no  circulation  around  the  axis,  but  a  constant  stream 
from  one  end  to  the  other :  hence,  in  order  that  the  current  along  the 
wire  may  coincide  with  the  current  across  and  round  the  magnet,  it 
is  necessary  tliat  the  latter  should  stand  across  the  former. 

The  other  phenomena  of  the  needle  turning  to  the  west,  when  plac- 
ed below  the  wire,  to  the  east  when  placed  above  it,  inc.  are  expli- 
cable upon  the  principle,  that  currents  flowing  in  the  same  direction, 
attract ;  and  that  in  every  magnet  they  move  in  a  constant  current, 
which  when  the  north  pole  is  turned  to  the  north,  is  from  west  to 
east,  or  upwards  on  the  west  side,  and  downwards  on  tlie  east  side. 

Upon  the  same  cause  depends  the  developement  of  permanent 
magnetism  in  steel  needles,  when  placed  across  a  wire,  while  the  eflfect 
is  only  temporary  when  they  are  fastened  parallel  with  it;  in  the  latter 
case,  it  arises  merely  from  the  transmission  of  electricity  from  end  to 
end,  while  in  the  former,  the  electro-motive  energy  of  the  particles 
is  developed  and  when  set  in  motion,  seems  to  have  the  power  of 
continuing  itself. 

8.  To  complete  the  view  of  Ampere's  theory,  it  remains  to  ex- 
plain the  influence  of  the  earth  on  the  magnetic  needle,  by  which,  it 
is  kept  in  one -uniform  position.  He  conceives  that  currents  of  elec- 
tricity analogous  to  those  which  circulate  around  every  magnet  are 
constantly  flomng  around  the  globe,  as  the  current  of  electricity 
in  a  galvanic  apparatus  moves  in  an  unbroken  circuit  from  the  nega- 
tive to  llie  positive  pole,  and  from  it,  by  the  connecting  wire,  round 
again  to  the  negative  pole.  The  direction  of  these  currents,  he  in- 
fers to  be  the  same  as  has  been  stated  with  artificial  magnets ;  and 
it  is  simply  by  the  attractions  and  repulsions  of  these  terrestrial  cur- 
rents, bringing  tlie  currents  round  the  needle  to  coincide  wiili  them, 
that  the  latter  always  points  to  the  north.  That  these  terrestrial  cur- 
rents do  actually  exist,  the  above  mentioned  experiments  of  Ampere 
and  De  la  Rive  clearly  prove;  they  employed  an  apparatus  incapa- 
ble of  permanent  magnetism,  and  the  wire  through  which  the  cur- 
rent passed  arranged  itself  east  and  west.  A  purely  electrical  appa- 
ratus, which  was  constructed  in  reference  to  Ampere's  theory,  being 
so  distinctly  influenced  by  the  magnetism  of  the  earth,  affi>rds  a  very 
strong  confirmation  of  the  truth  of  that  theory ;  and  there  appears 
to  be  only  one  link  now  wanting,  to  connect  magnetism  and^  elec- 
tricity. This  is,  by  some  combination  of  wires  and  magnets  to 
produce  an  undoubted  electric  or  galvanic  eiFect,  such  as  the  de- 
composition of  water.  All  the  phenomena  of  magnetism  may  be 
produced  by  electricity ;  and  if  any  of  the  phenomena  occasioned 
by  electricity  alone  can  be  produced  by  magnetism,  we  shall  no  Ion- 
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ger  be  left  in  doubt,  that  these  powers  are  identical.*  Sorafe  facts 
having  a  very  important  bearing  on  this  subject,  were  stated  in  Vol. 
I,  p.  172. 

THEBMO-ELECTRICITT. 

1.  Evolution  of  electricity ^  by  heating  two  metals. 

It  was  discovered  by  Seebeck,  that  if  to  a  bar  of  antimomr,  A, 
eight  inches  long  and  about  an  inch  wide,  widi  a  slip  of  copper,  B,  or  a 
copper  wire,  soldered  or  firmly 
ued  to  its  two  extremities  and 
bent  into  a  rectangular  shape, 
the  heat  of  a  lamp  is  applied 
to  either  extremity,  a  magnetic- 
needleplaced  within  the  current, 
as  at  C,  will  be  deflected  and 

will  tend  to  place  itself  at  right  angles  to  the  magnetic  meridian,  show- 
ing that  a  current  of  electricity  is  passing  through  the  circuit  compo- 
sed of  the  anUmony  and  copper.  Bismutli  and  antimony  are  the 
metals  which  produce  the  greatest  effect ;  bismuth  being  the  most 
negative,  and  antimony  the  most  positive  of  all  the  metals  hitherto 
tried  as  thermo-electrics. 

The  application  of  heat  is  not  indispensable  to  produce  thermo- 
electric effects.  If  we  apply  ether  to  any  part  of  the  antimony  bar 
and  allow  it  to  evaporate,  or  even  a  piece  of  ice,  a  deviation  in  the 
inclination  of  the  needle  takes  place ;  showing  that  the  evolution  of 
electricity  depends  upon  the  difference  of  temperature  in  the  different 
parts  of  the  metallic  chain. 

It  has  also  been  ascertained  that  liquids  may  be  made  to  act  as 
thermo-electrics.  The  concentrated  sulphuric,  nitric  and  muriatic 
acids,  are  more  negative  than  bismuth,  while  the  concenUated  fixed 
alkalies  are  more  positive  than  antimony. 

•  With  regard  to  the  cause  of  electric  currents  inferred  to  be  constantly  circula- 
ting round  the  globe,  it  is  as  yet  in  obscurily.  They  are  supposed  to  move  at  right 
angles  to  the  magnetic  meridian,  or  nearly  parallel  with  the  equator,  on  (he  eastern 
side  of  the  earth  from  us,  and  on  the  western  f-ide  flowing  towards  us.  These  cur- 
rents may  be  compared  to  that  which  flows  from  the  negative  pole  of  a  voltaic  bat- 
tery in  full  action,  to  the  positive  pole,  and  by  the  medium  of  the  uniting  wire  round 
again  t6  the  negative  pole.  M.  Ampere  supposes  that  the  arrangement  of  the  ma- 
terials of  the  globe  may  be  such  as  to  constitute  a  buttery,  existing  like  a  girdle 
round  the  earth,  which,  though  conipo?ed  of  comparatively  weak  elements,  may  be 
sufficiently  extensive  to  produce  the  effects  of  teriesttial  magneti'*ni.  Its  irregular- 
ity and  the  clianges  which  it  may  accidentally  or  periotlically  suffer,  may  explain  the 
phenomena  of  the  compass  needle ;  or  the  general  action  producing  the  currents  of 
electricity,  may  be  affected  by  ditferent  causes,  as  the  earth's  motions,  currents  of 
the  atmosphere,  evaporation,  or  the  solar  heat.  It  is  supported  that  much  of  the  va- 
riation depends  on  the  progress  of  oxidation  in  the  continental  regions  of  the  globe. 
What  is  called  the  diurnal  varintion,  is  con^idereii  (o  be  caused  by  the  diurnal  change 
of  temperature  in  the  superficial  la3'ers  of  the  eaith,  which  possess  elcclro-magoet- 
ic  energy.  See  an  interesting  paper  on  the  olirerved  magnetism  of  the  earth,  by 
Capt.  Sabine,  (communicated  by  Prof.  Renwick.)  Am.  Jour.  Vol  xvii,  p.  145. 
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Professor  Cummiog  discovered  that  rotary  motioDS  may  be  in- 
duced by  tbermo-electrics,  as  well  as  by  commoo  electro-magDetism. 
Platinum  aud  silver  were  soldered  together  in  a  circular  form,  poised 
upon  a  magnet  and  heated  by  a  spirit  lamp ;  the  heat  being  applied 
to  the  platinum  wire,  die  rotation  was  produced. 

2.  Thermoelectric  effects y  by  heating  one  metal, 

A  single  metal  is  sufficient  to  produce  these  effects,  provided  there 
be  differences  in  its  texture  and  cohesion.  Seebeck  cast,  separately, 
rings  of  antimony,  bismuth  and  zinc,  taking  care  that  certain  parts  of 
them  were  cooled  much  more  rapidly  than  others.  The  pans  rap- 
idly cooled  assume.d  a  fine  grained  texture  and  a  greater  degree  of 
density,  while  the  other  portions  of  tlie  ring,  that  were  slowly  cooled, 
became  crystalline.  When  these  rings  were  heated  at  the  point  of 
contact  of  the  different  textures,  the  magnetic  needle  was  immedi- 
ately afiected. 

(I  have  omitted  to  state,  in  its  proper  place,  that  flame  has  elec- 
tric polarity ;  that  of  burning  phosphorus,  being  acid,  is  b^nt  towards 
the  positive  pole,  and  that  of  a  candle  containing  ignited  carbon,  to- 
wards the  negative.) 

*  *  *  *  « 

The  above  is  only  an  oudine  of  some  of  the  principal  facts  and 
conclusions  relating  to  the  very  interesting  topic  of  electro-magne- 
tism, the  extensive  investigation  of  which  belongs  to  general  physics. 
Numerous  papers  on  this  subject  are  to  be  found  in  all  tlie  jouroak 
of  science,  published  during  the  last  eight  or  ten  years,  and  the  trea- 
tise of  J.  F.  Deraonferrand,  on  Electro-Dynamics,  translated  and  U-- 
lustrated  by  Prof.  Gumming,  of  the  University  of  Cambridge,  (£ng.) 
may  be  consulted. 
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Remarks. — From  the  statements  that  have  now  been  made,  it  is 
evident  that  during  the  last  forty  years,  and  more  particularly  the  last 
thirty,  galvanic  phenomena  have  excited  the  most  intense  interest  in 
the  scientific  world ;  by  the  innumerable  experiments  and  elabor- 
ate researches  of  the  ablest  philosophers,  so  many  facts  have  been 
accumulated,  that  it  is  not  easy  either  to  arrange  them,  or  to  con- 
dense them  within  convenient  limits. 

Having  however  attempted  the  performance  of  tliis  task,  we 
might  perhaps,  with  litde  loss  to  the  student,  omit  any  other  specula- 
tions as  to  the  theory  of  galvanism,  than  such  as  are  necessarily  con- 
nected with  the  statement  of  the  facts.  The  extended  discussions  on 
galvanic  theor}',  which  still  continue  to  be  maintained,*  prove  suffi- 


*  See  particularly  Sir  H.  Davy's  last  Bakerinn  lecture,  Phil.  Trans.  1826,  and 
Prof.  De  La  RiveV  Memoir,  Ann.  dc  Chim.  ei  de  Phy?.  Vol.  xzzvii,  p.  225. 
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ciendy  that  the  subject  is  not  yet  finally  settled,  and  that,  for  the 
present,  omitting  indecisive  disquisitions,  we  must  accept  of  the  most 
probable  hypothesis. 

The  principal  theories  that  have  been  proposed  to  account  either 
for  the  origin  or  mode  of  galvanic  action,  are, 

1.  The  electrical  theory  of  Volta. 

2.  The  Chemical  theory. 

3.  The  Electro-chemical  of  Sir  H.  Davy. 

4.  The  theory  of  Dr.  Hare. 

1.  The  electrical  theory  ofVdlta. — ^As  regards  this  theory,  the  most 
important  fact  has  been  already  stated,  namely,  that  different  bodies 
brought  into  contact  asstmej  at  the  moment  of  separation^  opposite 
electrical  states ;  this  appears  to  be  sufficiently  established,  and  is 
generally  admitted.* 

Still,  it  is  not  proved  that  bodies  are  in  opposite  electrical  states^  when 
in  contact ;  the  experiments  which  have  been  already  stated,  prove 
that  they  are  so  at  the  moment  after  separation.  Taking  however  both 
propositions  for  granted,  it  follows  that  in  each  pair  of  zinc  and  copper 
plates  in  a  galvanic  battery,  the  zinc\  is  positive  and  the  copper  neg-- 
ative;  as  long  as  the  different  psdrs  remain  unconnected  by  a  fluid 
or  by  moisture,  there  is  in  the  series  no  accumulation  of  power  ;  but 
as  soon  as  a  fluid  is  interposed,  the  electricity  whicji  had  been  accu- 
mulated in  each  of  the  zinc  plates  by  the  influence  of  the  copper, 
flows  onward  towards  the  zinc  or  positive  pole,  in  consequence  of 
the  conducting  power  of  the  fluid ;  thus  an  accumulating  series  b 
established,  each  copper  plate  becomes  more  negative,  and  each 
zinc  plate  more  positive,  in  consequence  of  the  connexion  by  the 
fluid,  until  the  extreme  deficiency  is  found  in  the  first  copper  plate^ 
and  the  extreme  accumulation  in  the  last  zinc  plate.  When  the 
communication  is  made  by  a  conductor  between' the  poles  of  the  bat- 
tery, there  is  then  a  discharge  of  the  accumulated  power  ;  but  as  the 
metals  remain  constantly  in  contact,  the  electricity  is  again  moved 
and  continues  to  flow  through  the  fluid  which  is  supposed  to  act  only 
as  a  conductor,  and  no  effect  is  attributed  to  its  chemical  action. 

The  metals  were  therefore  called  by  Voltay  dectro^motors^  and  to 
their  mutual  influence  he  attributed  the  evolution  of  the  power  which 
he  regarded  as  being  exclusively  electricity.  Had  there  been  how- 
ever no  chemical  action  of  the  fluids  on  the  metals,  and  bad  the  en- 
ergy of  the  pile  been  proportioned  only  to  the  conducting  power  of 
the  fluid,  the  theory  of  Volta  would  have  been  more  stable  ;  but  it 
^s 

*  The  arffuments  in  oppositioD  to  this  view  may  be  seen  in  M.  De  La  Rive's  Me- 
nu^r,  already  cited. 

t  In  this  view  zinc  takes  electricity  from  all  tlic  other  metals,  (comnumly  known,) 
and  gold  yields  it  to  every  other. 

Vol.  II.  87 
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was  first  observed,  especially  id  England,  and  afterwards  in  otber  coon-' 
tries,  that  the  energy  of  the  pile  is  intimately  connected  with  the 
chemical  action  of  the  interposed  fluid  upon  one  of  the  metals. 

2.  The  chemical  theory^  which  arose  from  the  observation  of  tfab 
factt  i^p^ted  the  evolution  of  the  power  to  the  chemical  action.  Dr. 
Wollaston  inferred  that  in  the  common  battery,  the  oxidation  of  the 
zinc  is  the  primary  cause  of  the  electric  excitement.  The  principal 
facts  that  support  this  opinion  have  been  already  stated.  There  it 
no  very  efficient  combination  in  which  oxygen  is  not  imparted  to  the 
zinc;*  the  acids  that  oxidize  it  most  readily  are  generally  the  most 
powerful  in  exciting  galvanic  action,  and  pure  water  is  entirely  inac- 
tive, especially  in  a  vacuum  or  in  a  gas  which  cannot  impart  oxjgen. 
Stilly  it  will  be  remembered  that  river  water  is  more  effectual  in  pro- 
ducing the  merely  electrical  phenomena  of  the  battery  than  even  the 
strong  adds.  I  have  often  observed  the  chemical  action  on  the  zinc 
(especially  when  diluted  sulphuric  acid  was  employed,)  to  be  ener- 
getic, when  the  galvanic  energy  was  feeble.  In  the  apparatus,  which 
is  more  powerfully  and  continuously  electrical  than  any  that  has  as 
yet  been  constructed,  (De  Luc's  and  Zamboni's,)  the  chemical  ac- 
tion is  the  least  possible.  It  seems  indeed  not  to  be  exactly  decided, 
how  far  the  excitement  in  this  apparatus  is  connected  with  chemical 
action.  It  is  usually  stated  that  the  zinc,  after  some  years,  becomes 
tarnished,  and  that  then  the  action  ceases;  in  the  pile  of  BerzeEos 
It  appears,  however,  as  already  stated,  that  the  metal,  (tin,)  was  not 
tarnished,  although  the  pile  had  been  eight  years  in  action.  It  is  said 
that  the  action  will  not  commence  if  the  papers  have  been  tborouglw 
ly  dried ;  still,  an  increase  of  temperature  will  revive  the  action 
when  it  has  been  suspended. 

It  seemsj  at  present,  impossible  to  dedJCf  how  far  chemical  action 
is  the  efficient  cause  of  galvanic  exdtemeni;  it  is  certain  that  the  one 
is  not  directly  proportioned  to  the  other ;  that  they  are  however,  inti- 
mately connected  cannot  admit  of  a  doubt;  but  who  can  say  which  is 
first ;  which  is  cause  and  which  is  effect  ?  It  seems  then,  that  neither 
the  electric  theory  alone,  nor  the  chemical  theory  alone,  is  sufficient  to 
account  for  galvanic  phenomena.  Can  the  two  theories  be  com- 
bined ?  This  was  attempted  by  Sir  H.  Davy,  with  his  usual  felicity. 

3.  The  electrochemical  theory. — It  is  necessary  here  to  repeat,  that 
electric  excitement  is  apparently  produced  by  the  mere  contact  of  dif- 
ferentM)odies,  and  to  admit  that  they  may  remain  excited  whQe  in  con- 
tact ;  it  has  been  already  explained  how  electro-motion,  without  any 
chemical  action,  is  supposed  to  be  established  in  each  pairs  of  plates; 

te  n     ■  I  ■  

*  It  hat  been  recently  ancertained  by  M.  de  )a  Rive,  that  the  impure  zinc  of  com- 
fnerce  ii  much  more  efficient  than  ptire  zinc ;  (lie  latter  dissolyea  much  more  slowly 
Inacida;  tiie  metallic  impurities  of  ihe  former,  lead,  tin  and  iron,  enable  it,  even 
without  copper,  to  act  galvanically  upon  the  add.— Jfm.  Jowr.  Vol.  jdx,  p.  872. 
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and  that  if  this  were  all^  there  woiild  be  no  transfer  of  accumulated 
electricity  from  one  pair  of  plates  to  another ;  such  a  combination 
Would  therefore  be  entirely  inactive.  It  is  admitted  by  the  advocates 
of  the  electro-chemical  theory,  that  when  the  fluid  is  interposed,  the 
accumulated  electricity  of  each  pair  flows  on  to  the  next,  and  the  zinc 
dnd  becomes  ad  highly  positive  as  the  Copper  end  is  highly  negative* 
But  it  is  supposed  that  the  energy  of  the  combination  would  be  only  mo^ 
mentary  were  not  the  equilibrium  that  has  been  destroyed  in  each  pair 
of  plates  instantly  restored^  and  the  chemical  agency  is  supposed  to  effect 
it  in  the  following  manner.  The  decomposition  of  the  fluid  com* 
tnences ;  for  instance,  oxygen  or  acids,  which  when  in  combination, 
are  supposed  to  be  negative,  are  attracted  by  the  positive  zinc  and 
combine  with  it ;  in  the  mean  time  hydrogen  or  the  base,  (perhaps  an 
idkali)  being  positive,  passes  to  the  copper,  and  thus,  either  by  com-* 
bination  or  contact  wim  these  bodies,  the  disturbed  equilibrium  of 
each  pair  of  plates  is  restored,  but  it  is  for  the  instant  only )  for  the 
metals  being  still  in  contact,  the  electro-motive  power  operates  as  at 
first  and  the  equilibrium  is  again  broken  \  but  the  decomposition  still 
proceeds ;  the  positive  and  negative  principles  of  the  fluid  are  again 
attracted  to  their  respective  surfaces,  and  Uius  the  operation  goes  on, 
until,  the  liquid  being  all  decomposed,  or  the  surface  of  the  metal 
saturated,  the  action  ceases. 

By  this  theory,  then,  the  electro-motive  power  of  Volta  is  sustained 
by  the  chemical  action^  and  although  neither  of  the  postulates  of  the 
cbemico-electrical  theory  has  been  decidedly  proved  to  be  true,  still, 
this  hypothesis  is  more  probable  than  either  ot  those  singly,  from  tlie 
union  of  which  it  is  formed.  The  probability  of  its  being  true  is  con- 
siderably increased,  by  the  well  known  fact,  that  by  altering  the  elec- 
trical relations  of  bodies,  we  can  modify,  exah,  destroy,  or  reverse 
their  chemical  action.  Several  cases  of  this  kind  have  been  already 
stated,  and  no  one  is  more  remarkable  than  that  of  the  galvanic  pro* 
tectorg  of  Sir  H.  Davy. 

That  illustrious  philosopher  conceived  that  the  atoms  of  mattei^ 
may  be  endowed,  naturally,  with  opposite  states  of  electricity^  and  that 
thence  may  arise  chemical  combination,  which  is  of  course  subverted 
when,  by  a  proper  connexion  witli  a  galvanic  battery,  the  combined 
bodies  are  brought  to  have  the  same  electricity  or  are  attracted  more 
powerfully  by  the  excited  metals  than  they  are  by  each  other ;  as 
there  is  no  direct  proof  that  the  atoms  of  bodies  are  endued  with 
opposite  electricities,  I  shall  not  enlarge  upon  this  beautiful  hypoth- 
esis, which  may  be  found,  in  detail,  in  Sir  H.  Davy's  Elem. ;  in  his 
Bakerian  Lecture,*  and  in  all  recent  systems  of  chemistry. 


*  PhiloM>phical  TrflmBactions,  1826. 
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Theory  of  Prof.  Hare. 

As  regards  llie  cause  by  which  the  galvanic  power  is  evolFcd,  the 
theory  of  Dr.  Hare  is  not  inconsistent  with  either  of  those  that  hafe 
been  very  concisely  sketched. 

The  peculiarity  of  his  view  respects  rather  the  nature  of  the  power 
than  the  mode  in  which  it  is  evolved  ;  although  in  estinaating  its  nature, 
important  inferences  are  drawn  from  tlie  different  modes  of  excite- 
ment. Dr.  Hare  believesy  that  the  Voltaic  power  is  a  compound  of 
caloricj  electricity^  and  light.* 

Dr.  Hare  remarks,  that  heat  is  liberated  by  the  Voltaic  apparatns 
in  a  manner  and  degree  not  imitated  by  mechanical  electricity ;  the 
latter  much  more  rapidly  pervading  conductors,  but  eflecting  ercn 
the  slightest  decompositions  with  difficulty ;  that  caloric  permeates  aU 
matter  although  with  very  different  degrees  of  facility,  radiating  instan- 
taneously through  air  and  imparting  repulsion  to  the  particles  of  matter 
but  not  to  masses ;  that  electricity  passes  on  the  surfacesf  of  bod- 
ies and  does  not  radiate  through  matter,|  and  while  it  is  conducted 
by  some  bodies  with  almost  infinite  velocity,  it  passes  through  others 
only  by  a  fracture  or  perforation ;  that  it  causes  repulsion  betweei 
masses  but  not  between  particles ;  tliat  electricity,  passing  off  readily 
by  conductors,  and  caloric  by  radiation,  or,  combining  with  contig- 
uous matter,  the  two  would  not,  unless  in  some  way  modified  by 
their  union,  pass  on,  through  thousands  of  galvanic  pairs ;  throu^ 
moisture,  which  so  readily  conducts  away  electricity,  and  through 
air  which  is  so  favorable  to  the  radiation  of  heat ;  that  pure  electri- 
city does  not  expand  the  slips  of  gold  leaf  between  which  it  causes 
repulsion,  nor  wnen  caloric  produces  ignition  in  contiguous  masses, 
is  there  any  repulsion  manifested  between  them ;  and  that  as  the  gal- 
vanic power  pervades  the  interior  of  bodies  and  produces  corpuscular 
repulsion  it  is  more  allied  to  caloric  than  to  electricity,  and  he,  there- 
fore, proposes  to  call  it  electro-caloric. 

Dr.  Hare  conceives  that  in  deflagrations  by  the  Leyden  jar,  die 
electricity  combines  with  the  caloric,  existing  in  a  latent  state,  be- 
tween the  particles  of  the  metal,  and  thus  the  increased  repulsioa 
overpowers  the  cohesion  ;  that  the  continued  ignition  of  a  wire  and 
of  charcoal  at  the  Voltaic  poles  is  easily  explained  upon  his  the- 
ory, for  accumulated  heat  as  well  as  electricity  flows  through  the 
series,  and  the  charcoal  is  intensely  ignited,  because  being  a  bad  coo- 


^  At  the  time  of  the  formation  of  his  theory,  mtgnedsm  had  not  been  obserred  ia 
Voltaic  combinations ;  Prof.  Oersted*!  discoveries  were  made  in  1819,  the  rery  year 
in  which  Dr.  Hare's  first  memoir  appeared  in  the  Am.  Jour.  (Vol.  i,  p.  4 IS,  July.) 

\  A  globe  or  cylinder  of  metal,  if  a  mere  shell,  will  receive  just  as  much  electri- 
citY  from  excited  glass  as  if  the  metal  were  solid. 

f  See  a  very  interesting  paper  on  Hadiatmg  Eleetrieity,  by  Prof.  Bonycastle, 
of  the  University  of  Virginia.— J?n^.  i^uart.  Jaw.  Vol  XXIX,  p.  134. 
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ciendy  that  the  subject  is  not  yet  finally  settled,  and  that,  for  the 
present,  omitting  indecisive  disquisitions,  we  must  accept  of  the  most 
probable  hypothesis. 

The  principal  theories  that  have  been  proposed  to  account  either 
for  the  origin  or  mode  of  galvanic  action,  are, 

1.  The  electrical  theory  of  Volta. 

2.  The  Chemical  theory. 

3.  The  Electro-chemical  of  Sir  H.  Davy. 

4.  The  theory  of  Dr.  Hare. 

1  •  The  electrical  theory  of  VdUa.^^hs  regards  this  theory,  the  most 
important  fact  has  been  already  stated,  namely,  that  different  bodies 
brought  into  contact  assumCj  at  the  moment  of  separation^  opposite 
electrical  states ;  this  appears  to  be  sufficiently  established,  and  is 
generally  admitted.* 

StiD,  it  is  not  proved  thai  bodies  are  in  opposite  electrical  states^  when 
in  contact ;  the  experiments  which  have  been  already  stated,  prove 
that  they  are  so  at  the  moment  after  separation.  Taking  however  both 
propositions  for  granted,  it  follows  that  in  each  pair  of  zinc  and  copper 
jiaies  in  a  galvanic  battery,  the  zinc\  is  positive  and  the  copper  neg'- 
ative;  as  long  as  the  different  pairs  remain  unconnected  by  a  fluid 
or  by  moisture,  there  is  in  the  series  no  accumulation  of  power ;  but 
as  soon  as  a  fluid  is  interposed,  the  electricity  whicji  had  been  accu- 
mulated in  each  of  the  zinc  plates  by  the  influence  of  the  copper, 
flows  onward  towards  the  zinc  or  positive  pole,  in  consequence  of 
the  conducting  power  of  the  fluid ;  thus  an  accumulating  series  is 
established,  each  copper  plate  becomes  more  negative,  and  each 
zinc  plate  more  positive,  in  consequence  of  the  connexion  by  the 
fluid,  until  the  extreme  deficiency  is  found  m  the  first  copper  plate, 
and  the  extreme  accumulation  in  the  last  zinc  plate.  When  the 
communication  is  made  by  a  conductor  between*  the  poles  of  the  bat- 
tery, there  is  then  a  discharge  of  the  accumtdated  power  ;  but  as  the 
metals  remain  constantly  in  contact,  the  electricity  is  again  moved 
and  continues  to  flow  through  the  fluid  which  b  supposed  to  act  only 
as  a  conductor,  and  no  effect  is  attributed  to  its  chemical  action. 

The  metals  were  therefore  called  by  VoUa^  dectro-motors^  and  to 
their  mutual  influence  he  attributed  the  evolution  of  the  power  which 
he  regarded  as  being  exclusively  electricity.  Had  there  been  how- 
ever no  chemical  action  of  the  fluids  on  the  metals,  and  had  the  en- 
ergy of  the  pile  been  proportioned  only  to  the  conducting  power  of 
the  fluid,  the  theory  of  Volta  would  have  been  more  stable  ;  but  it 

*  The  arnimeDts  in  opposition  to  this  view  may  be  fcen  in  M.  De  La  Rive's  Me- 
moir, alread;^  cited. 

t  In  this  view  zinc  talccs  clecdicity  from  all  tlic  other  metals,  (commonly  known,) 
and  gold  yields  it  to  every  other. 
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was  first  obsenred,  especially  in  England,  and  afterwards  in  otber  cocxeh 
tries,  that  the  energy  of  the  pile  is  intimately  connected  with  the 
chemical  action  of  the  interposed  fluid  upon  one  of  the  metals. 

2.  The  chemical  theory ^  which  arose  fr'om  the  observation  of  this 
fact,  imputed  the  evolution  of  the  power  to  the  chemical  action.     Dr. 
Wollaston  inferred  that  in  the  common  battery,  the  oxidation  of  the 
zinc  is  the  primary  cause  of  the  electric  excitement.    The  principal 
facts  that  support  this  opinion  have  been  already  stated.     There  is 
no  very  efficient  combination  in  which  oxygen  ii  not  imparted  to  the 
zinc;*  the  acids  that  oxidize  it  most  readily  are  generaDy  the  most 
powerful  in  exciting  galvanic  action,  and  pure  water  is  entirely  inac* 
tive,  especially  in  a  vacuum  or  in  a  gas  which  cannot  impart  oxygen. 
Stilly  it  will  be  remembered  that  river  water  m  more  effectual  in  pro- 
ducing the  merely  electrical  phenomena  o{  the  battery  than  even  the 
strong  acids.     I  have  often  observed  the  chemical  action  on  the  zinc 
(especially  when  diluted  sulphuric  acid  was  employed,)  to  be  ener- 
getic, when  the  galvanic  energy  was  feeble.     In  the  apparatus,  which 
is  more  powerfully  and  continuously  electrical  than  any  that  has  as 
yet  been  constructed,  (De  Luc's  and  Zamboni's,)  the  chemical  ac- 
tion is  the  least  possible.    It  seems  indeed  not  to  be  exactly  dedded, 
how  far  the  excitement  in  this  apparatus  is  connected  with  chemical 
action.     It  is  usually  stated  that  the  zinc,  after  some  years,  becomes 
tarnished,  and  that  then  the  action  ceases;  in  the  pile  of  Berzelios 
It  appears,  however,  as  already  stated,  that  the  metal,  (tin,)  was  not 
tarnished,  although  the  pile  had  been  eight  years  in  action.     It  is  said 
that  the  action  will  not  commence  if  the  papers  have  been  thorough* 
]y  dried ;  still,  an  increase  of  temperature  will  revive  the  action 
when  it  has  been  suspended. 

It  seems  J  at  present,  impossible  to  dectdcj  how  far  chemical  action 
is  the  effijdent  cause  of  gmvanic  excitement;  it  is  certain  that  thex>ne 
is  not  directly  proportioned  to  the  other ;  that  they  are  however,  inti- 
mately connected  cannot  admit  of  a  doubt;  but  who  can  say  which  b 
first ;  which  is  cause  and  which  is  effect  ?  It  seems  then,  that  neither 
the  electric  theory  alone,  nor  the  chemical  theory  alone,  is  sufficient  to 
account  for  galvanic  phenomena.  Can  the  two  theories  be  com- 
bined ?  This  was  attempted  by  Sir  H.  Davy,  with  his  usual  felicity. 

3.  The  eleotro^chemical  theory, — It  is  necessary  here  to  repeat,  that 
electric  excitement  is  apparently  produced  by  the  mere  contact  of  dif- 
ferentM)odies,  and  to  admit  that  they  may  remain  excited  while  in  con- 
tact ;  it  has  been  already  explained  how  electro-motion,  without  any 
chemical  action,  is  supposed  to  be  established  in  each  pairs  of  plates; 
1.  ,-■■-■,       I-. 

*  It  has  been  recently  RRcertained  by  M.  de  la  Rive,  that  the  impure  zinc  of  com- 
fnerce  is  rnucb  more  efficient  than  pure  zinc ;  (he  latter  dissolves  much  more  slowly 
in  acids;  the  metallic  impurities  of  ihe  former',  lead,  tin  and  iron,  eoable  it,  even 
without  copper,  to  act  galvanically  upon  the  acid.— wftn.  Jour.  Vol.  xix,  p.  8^72, 
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This  is  an  outline  of  the  reasons  which  have  induced  Dr.  Hare 
to  conclude,  that  lights  caloric  and  dectriciiy  are  original  and  in  re- 
latum  to  each  other ^  collateral  products  of  galvanic  action^  which  in 
a  manner  inexplicable  or  at  least  unexplained,  puts  them  into  circula- 
tion, the  heat,  as  already  stated,  being  in  the  compound  proportion  of 
the  extent  of  surface,  and  of  the  number  of  the  pairs,  and  the  ex- 
tent of  contact  with  the  solvent ;  that  these  principles  (material  as 
he  supposes)  become  thus  more  susceptible  of  transfer,  either  by 
union  with  each  other  or  with  some  unknown  matter  which  regu- ' 
lates  the  galvanic  and  magnetic  movements,  and  that  thus  they  may 
be  recognizable  b^  our  senses,  while  passing  into  or  out  of  pondera-* 
ble  matter,  in  which  chemical  or  galvanic  changes  are  taking  place; 
that  the  renovation  of  galvanic  power  by  repose  of  the  apparatus  out 
of  the  fluid  implies  a  secret  source  whence,  mediately  or  immediately, 
the  imponderable  powers  are  supplied  from  surrounding  matter;*  that 
in  the  galvanic  circulatipn,  the  electric  fluid  may  be  prevented  from 
escaping  through  the  solvent,  because  it  is  in  union  wilh  the  heat, 
and  the  heat  can  scarcely  pass  through  the  fluids  except  by  the  cir- 
culatmg  power  which  it  derives  from  the  electricjty,  and  this  agent, 
in  turn,  subdues  the  propensity  of  the  caloric  to  pass  off  by  radiation  ; 
that  thus  vivid  ignition  is  exhibited  by  charcoal  which  retains  much 
of  the  heat  but  permits  the  electricity  to  pass  freely,  and  that  air, 
even  in  a  thin  stratum,  produces  a  similar  eflfect  by  dividing  the  heat 
and  the  electriciQ-,  the  latter  passing  oflf  by  a  continued  stream,  and 
the  former  by  radiation ;  that  in  the  communication  of  the  galvanic 
power  through  a  wire,  the  electricity  easily  passes,  and  the  heat  is 
partially  detained  and  uniting  with  that  which  is  in  a  latent  state  in 
the  metal,  an  active  ignition  is  the  result ;  that  in  the  column  of  De 
Luc,  electricity  being  predominant  and  caloric  evanescent,  charcoal 
is  not  ignited  because  there  is  not  heat  enough  to  produce  that  effect, 
and  on  the  other  hand,  in  the  calorimotor,  the  ignition  of  charcoal  is 
prevented,  because  tliere  is  not  sufficient  electricity  to  project  it 
through  a  substance  so  unfavorable  to  the  passage  of  heat,  while,  by 
the  same  instrument,  metallic  masses  are  readily  ignited  since  ihey 
oppose  much  less  resistance  to  the  passage  of  heat,  and  none  at  all 
to  electricity. 

I  have  thus  given  a  more  detailed  statement  of  Dr.  Hare's  theory 
than  of  those  that  preceded  it ;  because,  in  ray  judgment,  it  well  de- 
serves an  attentive  examinatiqn,  especially  as  it  presents,  in  strong  re- 


*  Since  the  discovery  of  the  hattery  oompofied  of  air  and  zinc  plates  with  rough 
and  polished  surfaces,  we  can  scarcely  hesitate  to  admit  that  the  ignition  of  plalinun^ 
sponge  by  hydrogen  gas  may  be  a  galvanic  phenomenon. 
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lief^  those  formidable  difficulties  in  the  subject  which  are  usuaDy  diqn- 
sed  of,  with  little  discussion,  under  the  broad  diviaons  of  intensity  and 
qjuantity.*    While  we  admit  the  distinction  as  having  a  real  fooodi- 
lion,  we  cannot  think  that  the  difficulties  of  the  subject  are  in  that 
manner  solved,  and  we  may  still  well  ask,  what  is  eUdricity^  If  it  is 
agreed  that  it  shall  stand  for  all  the  phenomena  (as  exhibited  by  gat* 
▼anic  instruments,)  that  belong  to  light,  heat,  magnetism  and  decom- 
positions, as  well  as  for  those  that,  before  the  discovery  of  galvanism, 
were  regarded  as  purely  electrical ;  then,  with  this  broad  use  of  the 
term,  we  may  admit  those  other  powers  and  their  efiects  as  modifi- 
cations or  appendages  of  electricity ;  but  if  we  <^ntinue  to  regard 
them  as  distinct  powers,  we  can  scarcely  aiiribuie  to  one  cause  the  eo- 
ried  effects  of  galvanic  action.    Thus  we  have  at  one  time,  magnet- 
isih  in  great  energy,  without  either  perceptible  beat,  light,  electricity, 
or  decomposition,  (as  in  the  fine  results  of  Dr.  Moll,f  and  the  still 
finer  of  Mr.  Henry,f )  in  another  case,  intense  ignition  and  magnelim, 
with  scarcely  perceivable  electricity  or  decomposing  power,  are  exhib- 
ited, as  in  the  calorimotor;  in  another,  electricity  without  decom- 
poang  power,  and  (unless  in  very  extensive  combinatioas,)  with* 
out  heat  or  light,  as  in  the  column  of  De  Luc ;  in  other  combhia- 
ttons,  as  in  the  common  batteries  and  deflagrators,  all  these  powers 
are  united ;  and  in  short,  in  the  various  mstruments,  every  imagiDable 
proportion  and  manifestation  of  all  those  efiects  may  be  obtained,  from 
the  maximum  of  one  or  more  of  them,  to  the  minimum  or  evanes- 
cence, of  others.     In  the  present  view  of  ttie  subject,  must  we  not 
therefore,  conclude  with  Dr.  Hare,  that  the  cause  is  as  occult  as  the 
origin  or  nature  of  gravitation.    In  the  actual  state  of  our  knowi* 
edee,  will  it  not  be  the  safest  course  to  admit,  that  the  huMiom, 
eahrific,  magneticj  decomoosiw^  and  electrical  effects  of  galvanic  m- 
strumettts  are  all  original  products  of  the  inponderMe  agents^  dius 
mysteriously  set  in  motion,  and  that  we  are,  as  yet,  in  no  proper  con- 
dition to  decide  widi  confidence,  whether  they  are  the  result  of  one 
power  variously  modified,  or  of  two  or  more,  or  whether  there  b  a 
distinct  cause  for  each  of  these  classes  of  efibcts. 


*  Dr.  Thomson,  in  his  late  work  on  Hett  and  ElectricltT,  mentions  Dr.  Hu«*i 
view,  but  does  not  discuss  the  difficulties  which  it  b  intended  to  meet,  except  by 
referring  them  to  differences  in  intensity  and  quantity. 

t  Am.  JoanuU,  Vol.  six,  No.  2. 
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APPENDIX. 


cH£iiiicAL  analysis:"^ 


By  C.  V.  Srepard,  Assistant  in  the  Chemical  Department,  and  Lecturer  on  Dot- 
any,  in  Yale  College. 


It  is  the  object  of  chemical  analyflis,f  to  determine  the  nature,  proportions  and 
mode  of  combination  of  the  elements  of  the  various  compounds  which  occur  in  nature, 
or  which  are  produced  by  art.  Its  importance  is  duly  appreciated,  only,  when  we 
remember  that  the  order  and  regularity  which  it  has  revealed  in  the  compofition  of 
bodies,  has  laid  the  foundation  of  the  doctrine  of  chemical  equivalents,  and  of  the 
atomic  theory  ;  and  has  thus  established  the  claim  of  cheinistry  to  the  character  of  an 
exact  science.  To  be  executed  with  success,  it  requires  an  extensive  acquaintance 
with  the  physical  and  chemical  properties  of  bodies,  the  possession  of  numerous  pure 
re-agents,  a  variety  of  peculiar  instruments,  and  much  address  in  manipulation.  It 
is  indispensable  also,  that  the  analyst  should  avail  himself  of  the  experience  of  the 
great  masters  in  the  science  and  art  of  analysis,  that  their  methods  may  guide  him 
wherever  analogy  permits ;  and  that  he  possess,  of  himself,  a  fertility  of  resource  and 
invention,  which  may  enable  him  to  devise  new  processes,  adapted  to  every  possible 
emergency. 

The  elementary  information,  embracing,  of  course,  a  knowledge  of  the  agents  em- 
ployed in  chemical  analysis,  has  already  been  detailed  in  this  work ;  and  the  applica- 
tion of  such  knowledge  to  analytical  research  in  aeriform  substances  and  organized 
matter,  has  been,  perhaps,  so  far  explained  in  the  preceding  pages,  as  to  require  no 
farther  notice  in  this  place :  it  remains  therefore  only,  that  the  rules  for  the  analysis 
o(  minerals  and  minercU  waters,  be  added,  in  order  to  complete  the  plan  of  these  el- 
ements. The  methods  of  investigation  in  these  cases,  require  to  be  pointed  out  with 
more  detail ;  since  mineral  substances  usually  form  the  first  subjects  of  analysis  with 
the  young  chemist,  and  in  consequence  of  their  numerous  relations  to  the  wants  of 
mankind,  often  require  to  be  submitted  to  chemical  examination. 


*  Drawn  up  by  Mr>  Shepard,  for  this  work,  by  request  of  the  author. 

t  Not  having  room  for  more  particular  references,  I  wish  to  state,  that  the  princi- 
pal authorities  for  the  directions  contained  in  this  essay,  are,  the  Elements  of  Henry, 
Turner,  and  Murray,  Children's  Translation  of  Th^nard  on  Analysis,  Faraday  on 
Chemical  Manipulation,  lire's  Dictionary,  the  chemical  writings  of  Berzelius, 
Thomson^s  Memoir  on  Analysis  in  Ann.  Lye.  Nat.  Hist.  New  York,  Vol.  111.,  and 
several  recent  analyses,  published  in  various  scientific  journals. — C.  U.  S. 
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I.    ANALYSIS  OF  MINERALS. 

Tbe  manipulatioDJ  «ih1  apparatus,  requisite  in  the  analjfsis  of  minerals,  may  be  dc- 
icribed  under  the  general  neads  of  comminution,  tveighing,  tolution,  evaporation^ 
neutralization,  precipitation,  wad  filtration. 

CoMMiNUTioir. — After  the  substance  to  be  analyzed,  has  been  selected  in  a 
state  of  the  greatest  possible  purity,  the  first  step  in  its  analysis,  is  to  reduce  It  to 
small  fragments,  and  generally  to  an  impalpable  powder.  This  is  efllected  by  mor- 
tars of  steel,  porphyry  or  agate,  in  pulverizing  the  harder  stones,  advantage  is  oc- 
casionally gained,  by  iirst  igniting  and  then  immersing  them,  while  hot,  in  water. 
The  use  ot  the  steel  mortar,  however,  renders  this  piocedure  unnecessary;  since 
by  its  means,  we  are  enabled  to  reduce  the  hardest  gems  to  any  degree  of  fineness, 
without  tite  risk  of  dispersion  or  loss.  Where  a  hand  mineral  is  pulverized  in  an 
•gate  mortar,  it  sometimes  becomes  necessary  to  take  into  account  the  matter  which 
may  be  abraded  from  Ute  mortar  during  the  process.  In  this  case,  it  is  well  to  crush 
the  mineral  in  the  steel  mortar  to  a  toterable  degree  of  fineness ;  next  to  weigh  out 
25,  60  or  100  grs.  of  the  powder,  according  to  the  quantity  we  may  desire,  and  then 
finish  its  pulverization  in  a  mortar  of  such  composition,  (for  instance,  agate)  thai  the 
substance  abraded  may  be  assumed  to  t>e  silica ;  and  thus  the  correction  may  he  rnaJe 
at  the  proper  time,  by  subtracting  so  much  weight  as  the  mortar  has  lost,  from  the 
silica  evolved  in  the  analysis. 

Wkiohing. — A  delicate  balance  is  indispensable  in  the  operations  of  analysis.  It 
should  be  capable  of  being  turned  by  one-fiftieth  of  a  grain,  when  loaded  with  500  grs. 
in  each  pan.  In  its  construction*,  it  is  essential  that  tho  center  of  motion  of  the  beam 
he  in  a  straight  line ;  that  the  arms  be  of  equal  length,  and  that  the  center  of  gravity 
be  in  the  center  of  motion.  If  possible,  it  is  desirable  that  the  knife  edge,  taid  the 
planes  they  turn  on,  be  of  agate.  The  pans,  the  wires  which  support  them,  and  the 
weights,  should  be  of  platinum,  on  account  of.  the  unchangeableness  of  this  metal 
from  oxidation  or  corrosion,  and  the  facility  with  which  it  &  cleaned  from  ordinary 
dirt,  either  by  slight  wiping  or  momentary  exposure  to  the  fiame  of  a  spirit  lamp. 
When  great  delicacy  Is  required,  it  should  be  Htispended  iji  a  case,  in  order  to  avoid 
currents  of  air ;  and  it  should  be  so  arranged,  that  when  the  instrument  is  not  in  use, 
the  pans  may  be  supported  independently  of  the  beam.  The  beam  itself  requires  to 
h%  supported  by  other  bearings  than  its  knife  edges,  lest  the  delicate  edges  of  suspen- 
sion b«  injured  by  constantly  sustaining  the  weight  of  the  beam  and  pans.  In  weigh- 
ing aubetancos  that  are  hot,  attention  should  be  paid  to  the  effect  produced  by  the  an- 
eonding  current  of  air :  a  silver  capsule,  weighing  600  grains  when  cold,  weig^hs 
leas  by  several  grains  when  heated  by  a  spirit  lamp,  and  restored  in  this  state  to  the 
pan.  Hot  substances  arc  liable,  also,  to  occasion  derangements,  by  causing  the  ex- 
pulsion of  the  arm  of  the  beam,  directly  over  them. 

SoifVTXOzir.-^This  is  the  next  step  in  analysis.  Its  great  object  is  to  subvert 
thft  aggregation,  for  the  attainment  of  which»  it  is  vastly  more  eflfectual  than  mere 
comminution :  it  thus  efinctually  prepares  the  compound  for  the  exercise  of  chemi- 
cul  action ;  or,  it  goes  still  farther,  and  breaks  up  altogether  the  original  affinities 
subsisting  anions  the  ingredients  in  the  substance,  bringing  them  to  the  con- 
dition necessary  for  their  complete  separation.  If  the  substance  is  sohible  in  water, 
tills  fluid  is  employed  in  preference  to  every  other.    In 

those  cases  where  it  is  insoluble  in  this  menstruum,  .^^        CTI^ 

the  strong  acids  often  prove  sufficient:  the  remaining  ^       ^>        N— ^ 

instances  reouke,  as  a  preliminaiy,  that  the  substance 
be  fused  with  three,  four,  or  more  times  its  weight  of 
potassa,  soda,  baryta  or  their  carbonates  ;*  after  wnich. 
It  becomes  soluble  in  the  acids. 

The  vessels  required  for  solution  are  various,  both 
as  respects  their  form  and  substance.  A  number  of 
test  or  assay  glasses,  varpug  in  their  capacity  from 
one  to  three  pints,  are  indi^ensable.  The  mont  con- 
venient forms  are  those  depicted  in  the  annexed  cut. 
Where  heat  is  applied,  flasks  of  flint  glass,  varying 
from  one  ounce  to  a  quart  in  capacity,  are  used.  A 
prqecting  ring  should  he  formed  on  the  neck,  at  the 
mouth,  that  the  flask  may  be  held  safely  by  that  part. 


*  The  vitreous  acids  art  also  employed  occasionally  to  induce  solution. 
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without  danger  of  tUppinj^ ;  and  Tor  this  purpose,  the  small  ton^;*,  figured  on  p.  M6, 
Vol.  I,  will  be  found  highly  convenient.  Wedge  wood's  htulns,  fVom  one  end  a  half 
to  ten  inches  in  diameter,  are  also  necessary ;  but  some  care  is  reffuired  in  seleeting 
those  which  are  of  the  best  material.  They  should  resist  befaig  marked  by  steel, 
and  should  not  be  so  stained  by  a  strong  acid  solution  of  sulphate  of  copper,  or  muri- 
ate of  iron,  that  they  cannot  be  easily  cleansed  by  cold  water.  One  or  two  basins  of 
pure  silver,  and  a  few  platinum  capsulei*,  will  often  prove  convenient :  the  latter 
should  be  from  one  and  a  half  to  two  inches  in  diameter ;  while  the  silver  dishes 
may  be  considerably  larger.  These  require  to  be  lipped,  and  .also  to  be  provided 
with  a  projecting  tongue  of  metai,  to  serve  as  a  handle,  by  which  they  msiy  be  held 
with  a  pair  of  pincers.  These  metallic  basins  are  frequently  used  with  advantage 
for  heating  bodies,  either  in  the  furnace  or  by  the  spirit  lamp ;  and  often,  they  nsy 
be  used  in  place  of  crucibles.  Where  the  preliminary  measure  of  fusing  a  mineral 
with  an  alkali  is  required  in  order  to  effect  its  solution,  a  crucible  of  platinum  or  sil- 
ver is  needed.  Tiiese  are  made  nearly  in  the  shape  of  aa  half  egg,  with  the  bottom  a 
little  flattened,  to  avoid  the  inconvenience  of  not  standing  by  themselves.  They  a<« 
provided  with  lips  and  covers ;  and  are  made  in  sizes  varying,  from  one  Inch  to  uree 
and  a  half  inches,  in  depth.    The  silver  crucibles  are  often  much  larger. 

Evaporation. — Tho  vessels  necessary  for  the  o|»erafions  under  this  head  have 
been  enumerated  under  the  preccdins:  one;  they  consist  of  flasksi  and  basins 
of  earthenwarOf  silver  and  platinum,  if  the  evaporation  Is  to  be  performed  at  tem- 
peratures under  ebullition,  the  basin  should  be  used,  and  of  as  flaring  a  form  a  poi* 
sible ;  that  the  aqueous  vapor,  by  the  aid  of  the  atmosphere,  may  be  removed  from 
the  surfkce  of  the  liquid  as  fast  as  it  is  produced.  If  a  boiUng  teinperatora  is  em-^ 
ployed  in  evaporation,  it  may  be  applied  either  In  basins  or  flasks.  The  only  objec- 
tion to  the  last  named  vessel ;  is  the  difficulty  of  removing  the  dry  results.  When  the 
basin  is  used,  great  care  is  necessary  to  prevent  the  ebullition  from  throwing  out 
small  portions  of  the  fluid,  and  to  guard  against  contamination  from  dirt  and  vapors 
which  may  be  floating  near  by.  The  best  protection  from  the  efleets  of  these  evils* 
Is  a  second  basin  put  over  the  first  and  kept  hot  by  filling  it  with  heated  sand.  The 
solution  will  requira  to  be  uncoverad  and  stirred  with  a  glass  rod,  however,  when 
the  solid  matter  begins  to  be  In  such  proportion  to  the  liquor,  as  to  form  a  thick  mix- 
ture; since  the  froe  circulation  which  took  place  throughout  its  mass  before,  is  now 
interrupted,  and  the  steam  accumulating  at  the  bottom  of  the  basin  produces  little 
explosions  throwing  the  substance  from  the  vessel  In  very  eonsiderable  duantity. 
The  stirring  of  the  solution  must  be  continued  until  it  is  evaporated  to  perfect  dry- 
ness. In  order  to  learn  whether  all  the  water  that  can  be  dissipated  by  this  process 
has  risen,  a  cold  glass  plate  is  held  for  a  moment  over  the  basin  \  if  dimness  appears, 
it  proves  that  water  is  still  rising.  Where  filters  with  precipitates  upon  them  are  to 
be  dried,  the  operation  may  be  hastened,  by  folding  tojrether  the  filter  and  laying  it 
between  several  layers  of  bibulous  paper,  after  which,  it  may  be  removed  and  placed 
upon  a  piece  of  tin  plate, or  within  an  evaporating  basin;  the  tin  plate,  or  the  evapo« 
rating  basin  being  moderately  heated  over  the  sand  batb. 

NEUTRALEZATioiv.-^Tn  testing  for  alkalies  and  acids  in  a  free  state*  lest  pa« 
pers  are  prefei-able  to  liquids^  Those  employed,  are  Htmus  and  turmeric  papers. 
Particular  care  should  be  taken  that  the  papers  be  free  from  earthy  matter,  especially, 
carbonate  of  lime,  and  alkalies.  Their  application  to  liquids,  to  learn  whether  they 
are  in  a  neutral  state,  or  if  not,  whether  the  alkali  or  the  acid  be  predominant,  is  best 
made  by  touching  the  edge  of  the  paper  with  a  rod  dipped  in  the  fluid.  In  this 
way,  we  waste  less  of  the  fluid,  and  avoid  Its  contamination,  if  the  paper  containib 
soluble  matters^  As  the  proportion  of  free  acid  or  alkali  diminishes,  the  intensity 
of  the  new  tint  produced  upon  the  paper  is  also  diminished ;  and  when,  in  very  sraail 
quantity,  tt  requires  considerable  attention  before  a  decision  can  be  made.  The  test 
paper  should  occasionally  be  touched  with  pure  water  in  the  immediate  neighbor* 
nood  of  the  part  where  the  sotution  has  been  applied ;  for  any  change  in  appearaoea 
that  may  have  occured,  not  due  to  mere  moistening,  is  then  readily  perceived. 

Neutralizations  are  frequently  aided  by  heat,  especially,  if  a  carbonate  be  used,  or 
if  precipitation  occur  during  the  operation ;  the  carbonic  actd,  in  the  first  case,  ii 
dissipated,  and  in  the  latter,  the  combination  is  more  rapidly  and  perfectly  effected. 
Evaporating  basins  are  highly  useful  for  this  purpose ;  their  contents  being  easily 
stirred,  and  the  rod  use<l  for  that  purpose  aim,  is  applied  to  moisten  the  test  paper 
when  required. 
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PasciPXTATioir. — ^Thk  oparatira,  which  oonnsto  in  chang^iog  luhitotices  firm 
B  foluble  to  an  inaoluble  itata,  is  of  very  froqueiit  occarrence  in  chemical  tnil- 
ytif.  The  beat  method  of  efiecting  it  m  aa  to  aecure  the  aeparatioD  of  the  whole  «f 
a  aubatance  held  in  aoluUon,  requires,  therefore,  very  particular  notice.  Aa  to  die 
vesaels  in  which  it  should  be  perlbrmed,  they  have  already  been  mentioned  under 
the  head  of  solution ;  the  assay  or  test  fflassea,  however,  in  consequence  of  their  shape 
and  tranaparency,  are  beat  adapted  to  the  present  purpose.  When  a  aubatance  in  solu- 
tion Is  to  be  precipitated  by  certain  tests,  the  latter  are  to  be  added,  and  thonragUy 
mixed  by  the  aid  of  a  glass  rod,  with  which  the  fluid  is  agitated.  In  some  instaaeei 
the  precipitation  ensues  immediately ;  in  others,  it  is  requisite  that  the  vessel  should 
stand  for  aeveral  hours,  and  even  tbi8  is  not  in  all  instances,  sufficient  to  induee  tiie 
•xpected  precipitate ;  in  such  cases,  heat  must  be  applied,  during  which,  or  « 
the  coolhigof  the  aolution,  the  precipitate  will  make  iu  appearance. 

It  is  frequently  necessary  to  avoid  adding  the  precipitant  in  exceas.  In  such  a- 
sea,  the  additions  are  made  in  small  quantities  at  a  time,  and  at  intervals,  in  order  Id 
allow  the  precipitate  to  audside  that  we  may  diacover  the  efiect  of  the  additioos, 
whether  they  produce  an  increaaed  aeparation,  or  whether  the  fluid  remains  biif 
partiality  troubled  or  becomes  transparent.  Sometimes  the  solution  containa  so  much 
predpitable  matter,  that  it  requires  dilution  in  order  to  throw  down  the  whole  of  the 
dissolved  substance. 

Filtration. — This  is  usually  supplementary  to  the  last  noticed  operatkn.  It 
consists  in  separating  aolid,  from  fluid  aubatances,  through  which  they  are  me- 
chanically disseminated.  In  analysis,  the  operation  is  performed  by  two  metbodi; 
the  first,  by  causing  the  mixed  nubstances  to  strain  through  unsized  ^per^  and  the 
second,  by  allowing  th^  finely  divided  aolid  matter  to  subside  and  pounngofif  the  deer 
supernatant  fluid.  The  former  of  these  only,  should  in  strictness,  be  alluded  to  uoder 
the  present  head ;  the  Utter  constituting  another  process,  called  deemUation ;  bat 
aa  they  both  regard  the  same  object,  it  is  more  convenient  to  consider  them  as  one  o|>* 
oration.  No  other  vessels  than  the  lipped  test  glasses,  already  described,  severe] 
aixes  of  well  ribbed  funnels,  and  a  variety  of  spatulas,  are  required.  The  greatest 
difficulty  is  in  the  filtering  paper,  which  needs  to  be  so  porous  as  to  admit  the  pas- 
sage of  fluids  with  freedom,  while  it  must  be  so  close  as  to  retain  the  finest  solid 
particlea:  andao  free  from  impurities  as  not  to  contaminate  the  aolution  pasng 
through  it,  or  if  heated  with  the  substance  retained  upon  it,  to  occasion  no  mixture 
of  aahea.  In  order  to  free  filtering  paper  of  the  lime  which  it  contains,  (and  which 
comea  from  the  bleaching  of  the  rags  by  means  of  chloride  of  lime,)  it  is  generally 
requisite  to  digest  it  in  diluted  nitric  acid,  and  afterwards  to  wash  it  thoroughly  in  warm 
water.  A  number  of  filters  of  diflerent  sizes,  to  suit  the  funnels,  and  so  made  as  to 
drop  entirely  within  them  should  be  kept  on  hand.  The  paper  should  be effectaally 
dried  over  a  aand  bath  previous  to  its  being  folded ;  and  it  should  be  folded  doable, 
ao  as  make  two  filters  in  each  case,  as  nearly  as  possible,  of  exactly  die  same  weif^ht, 
— the  equilibrium  between  the  two  being  nicely  adjusted  by  cutting  off  little  pieces 
with  the  scissors  from  the  largest;  the  two  filters  are  then  placed  the  one  vrithia 
the  other,  and  preserved  in  a  ^z,  away  from  dust  and  moisture. 

Aa  we  must  have  constant  regard  to  the  washing  of  the  precipitate  col- 
lected upon  the  filter,  in  order  to  remove  from  it  every  trace  of  tlie  orig- 
inal liquid,  care  should  be  taken  not  to  accumulate  the  precipitate  so  that 
it  shall  occupy  too  large  a  space  within  the  filter.  A  filter  of  such  a 
aize  should  be  selected,  as  shall  cause  the  precipitate  to  form  but  a  thin 
layer  over  ita  bottom,  from  which  it  may  be  completely  stirred  up,  by 
delivering  upon  it  a  fine  jet  of  water  from  the  dropping  tube,  or  sucker, 
which  consists  of  a  glass  tube  about  a  foot  long,  terminating  below  in  an 
opening  almost  capillary,  and  having  a  portion  about  threo  or  four  inches 
from  the  top,  blown  into  a  globular  cavity.  It  is  dipped  into  water,  which 
by  the  action  of  the  mouth  is  drawn  in,  until  the  globular  cavity  is  filled. 
llais  water  is  then  forced  out,  by  the  pressure  of  air  within  the  cheeks ; 
and  the  stream  is  directed  against  the  bottom  and  sides  of  the  filter,  the 
efiect  of  which,  is  to  stir  up  and  thoroughly  wash  the  precipitate.  The 
process  is  continued  till  the  water  which  passes  through,  when  evapor- 
ated from  a  silver  spoon  overs  spirit  lamp,  leaves  no  sensible  residue. 

When  the  bulk  of  the  precipitate  is  very  inconsiderable,  it  is  necessary 
to  prevent  its  final  accumulation  upon  the  sides  of  the  filter.  This  maybe 
done,  in  part,  by  wa.shing  it  down  from  the  sides,  by  means  of  the  dropping 
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tube ;  though  it  is  often  contiderably  aMisted  by  covering  the  funnel  with  a  clean  ba- 
sin, which  protects  its  contents  from  evaporation;  the  effect  of  which  always  is,  an  as- 
cent of  currents  of  the  fluid  from  below,  bringing  with  them  portions  of  the  diffu- 
sed substances,  and  depositing  them  upon  the  upper  part  of  the  filter.  The  cover 
should  in  no  instance  touch  the  filter;  but  merely  rest  upon  the  edge  of  the  funnel. 

When  the  washing  is  over,  the  filter  and  its  contents  are  left  upon  the  funnel, 
until  they  can  bear  handling  without  risk  of  being  torn  ;  when  the  remainder  of  the 
drying  is  effected,  as  described  under  solution.  The  difficulty  of  separating  entirely 
(he  dried  precipitate  from  the  filter,  in  order  to  estimate  its  weight,  is  the  reason  of 
using  double  filters.  As  soon  as  the  powder  has  become  dry,  its  weight  is  ascer- 
tained by  separating  the  filters,  putting  the  one  holding  the  precipitate  into  one  scale 
of  the  balance,  and  the  empty  one  into  the  opposite  scale ;  and  then  finding  what 
weight  is  requisite  to  place  the  former  in  equipoise.  This  gives  the  weight  of  the 
precipitate  in  its  hydrous  state ;  its  weight  in  the  anhydrous  state  is  thus  determined. 
A  small  platinum  crucible,  about  an  inch  high,  is  placed  in  equipoise  in  the  scales ; 
and  as  much  of  the  precipitate,  as  can  be  conveniently  taken  off*  the  filter^'is  put  Into 
it,  and  its  weight  determined.  The  crucible  is  removed  from  the  scale,  and  exposed 
to  the  flame  of  a  spirit  lamp  till  it  becomes  red  hot;  in  which  state  it  is  kept  for  about 
ten  minutes.  As  soon  as  it  is  cold,  it  is  replaced  in  the  scales;  and  the  loss  which 
it  has  sustained,  determined.  From  this,  it  is  easy  to  ascertain  the  loss  of  weight 
which  the  whole  precipiute  would  have  sustained,  had  it  been  subjected  to  ignition. 

Decantation,  in  many  analytical  experiments,  is  a  process  much  superior  to  that  of 
filtration .  It  should  be  adopted ,  especially,  where  the  precipitate  is  heavy  and  dense ; 
and  in  all  cases,,  where  its  bulk  is  small  In  proportion  to  that  of  the  clear  fluid  above. 
The  only  objection  to  it,  is  the  quantity  of  water  which  it  requires,  and  the  time  it 
consumes ;  for,  after  having  poured  on  the  clear  solution,  it  is  necessary  that  the 
jar  be  filled  up  with  water,  the  whole  mixed  by  a  stirrer,  and  the  mixture  left  to 
settle  as  in  the  first  case :  when  it  becomes  clear,  the  solution  is  again  to  be  decant- 
ed and  fresh  water  added ;  and  the  operation  is  to  be  repeated,  until  what  is  removed 
contains  no  soluble  matter.  To  avoid  losing  any  portions  of  the  solution  by  the  ad- 
hering of  drops  to  the  lip  of  the  glass  and  by  running  down  upon  the  outside  of  the 
vessel,  it  is  well  to  touch  the  extremity  of  the  lip  with  a  little  melted  (allow.  The 
syphon  may  often  be  employed  to  advantage  in  withdrawing  the  supernatant  fluid, 
'fhe  precipitate  may,  at  last,  be  transferred  to  s^  platinum  capsule,  in  which,  the  re- 
maining portion  of  water  may  be  driven  off,  by  the  use  of  the  sand  bath,  or  the  spir- 
it lamp. 

PRELIMINARIES      IN     THE    ANALYSIS    OV    MINERALS. THE      USE    OF     THE 

BLOWPIPE. 

A  solid  mineral  substance,  of  whose  composition  we  are  ignorant,  is  in  the  first 
place  to  be  referred  to  one  of  the  following  general  divisions:  viz.  I.  Earths;  II. 
Salts;  III.  Metals;  IV.  Inflammables.  The  distinguishing  characters  of  these 
classes  are  the  following; 

Earths. — Insoluble  in  less  than  one  hundred  limes  their  weight  of  water ;  taste- 
less ;  not  consumed  in  any  considerable  degree  by  being  kept  for  some  time  on  a  red 
hot  iron ;  specific  gravity  below  6.* 

SeUts. — Soluble  in  less  than  one  hundred  limes  their  weight  of  water. 

Metals. — Specific  gravity  above  6.  ' 

Inflammables. — Inflammable ;  destitute  of  metallic  lustre. 

Having  fixed  the  class  to  which  a  substance  to  be  analyzed  belongs,  a  preliminary 
trial  should  be  made  to  ascertain  its  constituent  principles,  independently  of  any 
attempt  to  learn  their  proportions.  This  is  generally  done  by  effecting  a  solution  of 
the  substance,  and  by  the  application  to  minute  portions  of  it  contained  in  test  tubes, 
and  assay  or  watch  gla.ves,  of  a  variety  of  reagents ;  the  examination  of  the  pre- 
cipitates obtained,  affords  the  desired  information. 

In  these  qualitative  trials,  however,  important  aid  is  often  derived  from  the  use 
of  the  mouth  blowpipe.    A  large  wax  candle  aflbids  the  best  flame ;  and  the  oper- 


*  This  class  will  embrace  several  substances  which  strictiy  speaking  are  salts ; 
notwithstanding,  in  common  language  they  are  denominated  earths,  and  are  conveni- 
ently regarded  as  such  for  our  present  purpose. 
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ator  must  a4H|Qire  the  habit  of  breathing  through  hia  iiQitiila»  and  propeUlag  the  air 
by  the  rouaclea  of  the  mouth  so  aa  to  produce  a  contUiiiad  current  of  air,  and  in  this 
way  to  ^ive  rise  to  a  diatidct  conical  name.  The  external  apex  of  the  flame  will  be 
red  and  ill  de6ned ;  but  within  will  exiat  a  blue  and  well  dedned  point  of  flame.  The 
aubitances  to  be  submitted  to  the  actioa  of  the  blowpipe  are  supported  either  on  char^ 
coal,  a  slip  of  pUtinum  or  on  silver  foil,  or  held  in  a  pair  of  platinum  forceps.  The 
metallic  supports  are  used  only,  when  the  subject  of  the  experiment  is  intended  to 
be  exposed  to  the  action  of  heat  and  might  be  liable  to  be  altered  by  the  action  of 
charcoal.  Salts  and  volatile  substances,  are  to  be  heated  in  glass  tubes,  closed  at  one 
ond.  The  three  most  useful  fluxes,  are  the  triple  phosphate  of  soda  and  ammonia,  and 
the  sub-carbonate  of  soda  and  borax.  These  are  kept  ready  pulverised,  and  deprived 
of  their  water  of  crvstallization ;  and  when  used,  are  taken  up  by  the  moistened  point 
of  a  knlfe,^the  moisture  causing  the  powder  to  cohere,  and  preventing  it  from  blowing 
away  before  it  enters  into  fusion.  Vf  hen  melted,  the  substance  to  be  examined  is  pla- 
ced on  it ;  and  submitted  first  to  the  action  of  the  exterior,  and  then  to  that  of  the  interi- 
or flame.  The  appearances  to  be  noticed  are  as  ibllows ;  whether  the  substance  be 
dissolved,  and  if  so,  whether  with  or  without  effervescence :  the  transparency  and 
color  of  the  bead  wlille  cooling  and  when  cold :  the  nature  of  the  class  formed  by 
the  exterior  flame,  and  that  by  the  interior  flame ;  also  the  foregoing  appearances 
with  each  of  the  fluxes. 

Sob-carbonate  of  soda  does  not  form  a  bead  on  charcoal ;  but  with  a  certain  de- 
gree of  heat,  it  is  absorbed :  it  must  therefore  be  added  in  very  smaU  quantities, 
using  a  eenile  heat  at  first,  which  will  promote  combination  with  the  subject  of  exper- 
iment, if  it  has  any  affini^  for  this  flux. 

If  the  glass  bead  becomes  opaque  as  it  coob,  so  as  to  render  the  color  indistinct. 
It  should  be  broken  down  and  a  part  of  it  mingled  with  more  of  the  flux,  till  the 
color  becomes  more  diluted,  and  capable  of  being  observed.  To  make  the  color  more 
perceptible,  also,  the  bead  may  be  drawn  out  to  a  thread,  while  hot.  if  it  be  wished 
to  oxidate  a  metallic  substance  combined  with  either  of  the  fluxes,  the  glass  is  first 
heated  intensely,  and  when  fused,  gradually  withdrawn  from  the  point  of  the  blue 
flame ;  and  the  operatkm  is  repeated,  as  often  as  neceanry,  using  a  Jet  of  hvge  aper^ 
tare.  The  addition  of  a  little  nitro  also  assists  the  oxidation.  For  the  reduction  of 
metallic  oxides,  the  glass  bead  is  to  be  kept  in  fusion  on  charooal,  aa  kMD^  aa  it  re- 
mains on  the  surface  and  is  not  absorbed,  that  the  metallic  partidea  may  collect  into 
a  globule.  It  Is  then  to  be  fused  with  an  additional  quantity  of  soda,  whkh  will  be 
absorbed  by  the  charcoal,  and  the  spot  where  the  absorption  has  taken  place,  strong- 
ly ignited  by  a  tube  with  a  small  aperture.  By  continaing  the  ignition  the  portion 
of  metal  not  previously  roduced,  will  now  be  brought  to  the  metallic  sUte,  and  the 
process  may  be  assisted  by  placing  the  bead  In  a  smoky  flame,  so  as  to  cover  it  with 


a  soot,  that  is  not  easily  blown  off.  When  the  charcoal  is  cold,  that  part  hnpreana- 
ted  with  the  fused  mass  must  be  taken  out  with  a  knife,  and  ground  with  distilled 
water  in  an  agate  mortar.  The  soda  will  be  dissolved ;  the  charcoal  will  float  and 
may  be  poured  off';  and  the  metallic  particles  will  remain  in  the  water,  and  may  be 
examined.  In  this  manner  most  of  the  metals  may  be  reduced.  We  shall  point  out 
the  distinctive  characters  of  some  of  the  earths  and  metallic  oxides  and  acids  before 
the  blowpipe.  The  matter  of  the  candle  is  occasionally  of  serious  u«e  in  reducing 
a  metallic  oxide  ;  the  fragment  Is  covered  widi  it,  and  the  combustible  matter  akis 
In  removing  the  oxygen. 

1.  £ktrth$. 

Baryta,  when  containing  water,  melts  and  spreads  on  the  charcoal.  Combined 
with  sulphuric  acid,  it  is  converted  in  the  interior  flame,  into  a  sulphuret ;  and  is  ab- 
sorbed b^  the  charcoal  with  effervescence,  which  lasts  as  long  as  it  is  exposed  to  the 
action  of  the  instrument.  The  cold  matter  placed  on  the  tcmgue  gives  the  sensa- 
tion of  sulphuretted  hydroeen. 

Strontia,  if  combined  with  carbonic  acid,  when  held  in  small,  thin  slivers  with 
platinum  forceps  in  the  interior  flame,  has  its  carbonic  add  driven  off,  and  on  the  side  of 
the  fragment  urthest  from  the  lamp,  a  red  flame  is  seen,  sometimes  edged  with 
green,  and  scarcely  perceptible  but  by  the  flame  of  a  lamp.*    Sulphate  of  strontia  b 


*  A  most  intense  light  is  emitted  by  carbonate  of  strontia  which  is  much  more  difli'> 
cult  to  melt  than  carbonate  of  baryta. 
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reduced  in  the  interior  flame  to  a  sulphuret;  which,  dissolved  in  a  drop  of  muriatic 
acid  and  diluted  with  alcohol,  bums  with  a  rod  flame. 

Lime. — The  carbonate  is  easily  rendered  caustic  by  heat;  it  then  evolves  heat  on 
being  moistened,  turns  paper  stained  with  turmeric  brown,  and  is  infusible  before 
the  blowpipe.  The  sulphate  is  easily  reduced  to  a  sulphuret ;  and  possesses,  besides, 
the  property  of  combining  with  fluor  spar  (when  added  in  excess)  at  a  moderate 
heat,  and  forming  a  clear  glass. 

Magnesia  produces,  like  strontia,  an  intense  brightness  in  the  flame  of  the  blow- 
pipe.  A  drop  of  a  solution  of  nitrate  of  cobalt  being  added  to  it,  and  then  dried  and 
strongly  ignited,  a  faint  flesh  red  color,  scarcely  visible  by  the  light  of  a  lamp,  is 
produced.  It  is  thus  detected  in  compound  bodies  if  the^  do  not  contain  much  me- 
tallic matter,  or  a  quantity  of  alumina  exceeding  that  of  tho  magnesia.  Some  in- 
ferences as  to  the  proportion  of  the  magnesia  may  be  drawn  from  the  intensity  of 
the  color  produced.  The  preceding  earths,  when  pure,  are  readily  fusible  with 
the  fluxes,  into  a  clear,  colorless  glass,  without  efiervescence ;  but  in  adding  them 
in  large  proportions  to  the  fluxes,  the  glasses  they  yield  are  opaque. 

Mumina  combines  more  slowly  with  the  fluxes,  than  the  preceding  earths  do, 
forming  a  clear  glass,  which  remains  transparent  Its  most  striking  character,  how- 
ever, is  the  brignt  blue  color  it  acquires  from  the  addition  of  a  drop  of  nitrate  of  co- 
balt, after  having  been  dried  and  ignited  for  some  time.  It  may  thus  be  detected  in 
compouod  minerals,  where  the  metallic  substances  are  not  in  great  proportion,  uor 
the  quantity  of  magnesia  large. 

Lithia. — ^This  earth  may  be  detected  even  where  ii  is  present  only  in  a  very 
small  proportion,  by  reducing  a  piece  of  the  mineral,  not  larger  than  a  pin's  head, 
to  a  flne  powder,  and  heating  it  to  redness  with  an  excess  of  carbonate  of  soda  on  a 
riip  of  platinum  foil,  before  the  blowpipe,  for  the  space  of  two  minutes;  the  stone 
becomes  decomposed,  the  soda  expels  the  lithia  from  its  combination,  and  the  excess 
of  alknti  becoming  fluid  at  tliis  temperature,  spreads  over  the  surface  of  the  foil,  and 
envelopes  the  decomposed  mass ;  the  platinum,  around  the  fused  alkaline  mass,  as- 
sumes a  dark  color,  deep  and  extensive  in  proportion  to  the  quantity  of  lithia  present. 

2.  Metallic  Oxides  and  Acids, 

Arsenic  flies  off,  when  heated,  with  an  odor  resembling  garlic.  White  arsenic 
gives  no  odor  when  heated  alone  on  metallic  supports ;  but  anords  the  characteristic 
smell  by  being  first  mingled  with  powdered  charcoal.  If  in  a  solution,  it  may  he 
detected  by  dipping  into  it  a  piece  of  pure  and  well  burnt  charcoal  which  is  afler- 
terwards  to  be  dried  and  ignited. 

Chromium. — ^The  green  oxide,  fused  with  the  phosphate  of  soda  and  ammonia  in 
the  interior  flame,  gives,  at  the  instant  of  its  being  withdrawn,  a  violet  hue,  ap- 
proaching more  or  less  to  dark  blue  or  red,  according  to  the  proportion  of  chromium ; 
afl»r  cooling,  the  glass  is  bluish  green,  but  less  blue  than  copper  glass ;  in  the  ex- 
terior flame,  the  color  is  brighter  and  less  blue.  With  borax,  it  forms  a  bright  yel- 
lowish or  yellow  red  glass  in  the  exterior  flame ;  and  in  the  interior  flame,  this  be- 
comes darker  and  greener,  or  bluish  green. 

Molybdic  acid  melts  by  itself  on  charcoal  with  ebullition,  and  is  absorbed.  In  a 
platinum  spoon,  it  emits  white  fumes,  and  is  reduced  in  the  intertor  flame  to  molyb- 
dous  acid,  wliich  is  blue ;  but  in  the  exterior  flame,  it  la  again  oxidated  and  becomes 
white. 

TSmgstie  acid  becomes,  upon  charcoal,  at  first  brownish  yellow,  is  then  reduced  to 
a  brown  oxide,  and  lastly  becomes  black  without  melting  or  smoking.  With  phos- 
phate of  soda  and  ammonia,  it  forms,  in  the  interior  flame,  a  pure  blue  glass;  In  the 
exterior  flame,  the  color  disappears,  and  appears  again  in  the  interior. 

ColumHc  acid  undergoes  no  change  by  itself;  but  is  readily  fused  with  phosphate 
of  soda  and  ammonia,  and  with  borax,  into  a  clear  colorless  glass,  from  which,  the 
oxide  may  be  precipitated  by  heating  and  cooling  it  alternately.  This  and  the  two 
foregoing  acids  are  irreducible  before  the  blowpipe. 

Oxide  of  Titanium  becomes  yellowish  when  ignited  in  a  spoon,  and  upon  char- 
coal, dark  brown.  With  phosphate  of  soda  and  ammonia,  it  gives,  in  the  interior 
flame,  a  fine  violet  colored  glass,  more  tending  to  blue  than  that  from  manganese. 
In  the  exterior  flame  this  color  disappears.  With  borax,  it  gives  a  dirty,  hyacinth 
color. 

Oxide  of  Cerium  becomes  reddish  brown  when  heated.  With  phosphate  of  soda 
and  ammonia,  if  heated  a  long  time  in  the  internal  flame,  it  gives  a  clear,  colorless 
glass. 
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Oxide  qf  Ut  aniwn.^The  yellow  oxide,  by  icnitkm,  becom^t  green,  or  grecnbh 
yellow.  With  phosphate  of  soda  aod  ammonia.  In  the  interior  flame,  it  forms  a  clear 
yellow  glajw,  the  color  of  which  become  more  intense  when  cold.  With  borai,in 
the  interior  flame,  a  clear,  colorless,  or  faintly  green  glass  is  formed,  contatniDK 
black  parKcles,  which  appear  to  he  the  metal,  in  its  lowest  state  of  ozidatioD.  lo 
the  exterior  flame,  this  black  matter  is  dissolved,  if  the  quantity  be  not  loo  grnt, 
aod  the  glass  becomes  bright  yellowish  green,  and  after  further  oxidation  yellowiA 
brown. 

Oxide  rf  Manganese  eives  with  phosphate  of  soda  and  ammooia,  in  the  exterior 
flame,  a  fine  amethyst  color,  which  disappears  in  the  interior  flame.  When,fr8BBiti 
combination  with  iron,  or  any  other  cause,  it  does  not  produce  a  sufficiently  intsuM 
color  in  the  glass,  a  little  nitre  may  be  added  to  it,  while  in  a  state  of  fusion ;  and  the 
glass  then  becomes  dark  violet  while  hot,  and  reddish  violet  when  cool. 

Oxide  of  Tellftrium,  when  gently  heated,  it  becomes  first  yellow,  then  light  red, 
and  afterwards  black.  It  melts  and  is  absorbed  by  the  charcoal,  and  is  redueed  with 
a  slight  detonation,  a  greenish  flame  and  a  smell  of  horse  radish.  It  is  disnlred 
in  phosphate  of  soda  and  ammonia,  without  being  colored. 

Oxide  if  Jintimonyt  is  partly  reduced  in  the  exterior  flame,  and  spreads  i  while 
smoke  on  the  charcoal.  In  the  interior  flame,  it  is  readily  reduced,  eiflier  ak»e,  or 
with  the  addition  of  carbonate  of  soda.  Sulphuret  of  antimony  melts  on  ebarcoal, 
and  is  absorbed. 

Oxide  ef  Bismuth  melts  readily  in  a  spoon  to  a  brown  glass,  becoming  brighter  ai 
it  cools.  With  borax,  it  forms  a  gray  glass,  which  decrepitates  in  the  interior  flame, 
and  the  n^etal  is  reduced  and  volatilized.  It  is,  likewise  readily  reduced  by  ItselC 
on  charcoal. 

Oxide  qf  Zinc  with  carbonate  of  soda  is  reduced,  and  bums  with  its  charadeririie 
flame,  depositing  its  oxide  upon  the  charcoal.  By  this  process  it  may  easily  be  de- 
tected in  minerals,  when  it  forms  but  a  small  portion  per  cent.  One  of  the  isoit 
unequivocal  characters  of  the  oxide  of  zior,  is  to  dissolve  it  in  vinegar,  evap 
the  solution  to  dryness,  and  to  expose  it  to  the  flame  of  a  lamp,  when  it  ^  "* 
with  its  peculiar  color. 

Oxide  of  Cadmium  is  orange  yellow,  not  volatile,  and  easily  reduced. 

Oxide  <y  Iron  produces  with  phosphate  of  soda  and  ammonia,  or  borax,  in  the  ex- 
terior flame,  when  cold,  a  yellowish  glass,  which  is  blood  red  while  hot.  The  pro- 
toxide forms,  with  these  fluxes,  a  green  glass,  which,  by  increasing  the  proportioB 
of  the  metal,  passes  through  bottle  green  to  black.  The  k^ubb  frorn  the  oxide  be- 
comes green  in  the  interior  flame,  and  is  reduced  to  protoxide,  becoming  at  the  same 
time  attractible  by  tlie  magnet. 

Oxide  4if  Cobalt  becomes  black  in  the  exterior,  and  gray  in  the  interior  flame; 
a  small  proportion  forms,  with  phosphate  of  soda  and  ammonia,  and  with  borax,  a 
blue  glas8,^that  with  borax  being  the  deepest  By  transmitted  light,  the  glav 
U  reddish. 

Oxide  qf  nickel  becomes  black  at  the  extremity  of  the  exterior  flame,  and  in 
the  biterior,  greenish  gray.  It  is  dissolved  readily,  and  in  large  quantity  ^T  P^ 
phate  of  soda  and  ammonia.  The  glass  while  hot,  is  of  a  dirty  dark  red,  which  be- 
comes paler  and  yellowish  as  It  cools.  After  the  glass  has  cooled,  it  requires  a  large 
addition  of  the  oxide  to  produce  a  distinct  change  of  color.  Nitre  added  to  the  mm 
makes  it  froth,  and  it  becomes  red  brown  at  first,  but  afterwards  paler. 

Oxide  qf  Tin^  in  the  forni  of  hydrate  and  pure,  becomes  yellow  when  heated, 
then  red,  and  when  approaching  to  ignition,  black.  It  is  very  easily  reduced,  witti* 
out  addition. 

Oxide  of  Lead  melts,  and  is  very  quickly  reduced,  either  without  any  addition, 
or  when  fused  with  phosphate  of  soda  and  ammonia,  or  borax.  . 

Oxide  of  Cofper  is  not  altered  by  the  exterior  flame,  but  becomes  prolojodein 
the  interior.  With  both  phosphate  of  soda  and  ammonia,  and  borax,  it  forms  a  ye>- 
low  green  glass  while  hot,  but  also  it  becomes  blue  green  as  it  cools.  When  stroof * 
ly  heated  in  the  interior  flame,  it  looses  its  color,  and  the  metal  is  reduce^  3*i» 
of  copper,  when  heated  before  the  blowpipe,  give  a  fine  green  color  to  the  fl"JJ" 

Oxide  of  Mercury,  before  the  blowpipe,  becomes  black  and  is  entirely  volabwefl. 

ANALV8IS   OF    EARTHS. 

The  most  frequent  ingredients  in  the  compounds  of  this  class,  arc  silica,  ^"'^' 
lime,  magnesia,  and  the  oxides  of  iron  and  manganese.    They  sometimes  cooivn 
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the  ctrbonic  tod  solpburic  acids ;  and  more  rarely,  jrlacina,  yttria,  zirconia,  baryta, 
potasaa,  soda,  and  oxide  of  chromium.  Silica  and  alumina,  however,  are  tlie  moat 
abundant  elements.  It  h  convenient  to  divide  them  Into  two  classes;  viz.  1,  min- 
erals sohible  in  nitric  or  muriatic  acids ;  2.  minerals  which,  in  order  to  dissolve 
in  muriatic  acid,  must  be  heated  to  redness,  with  a  mixture  of  alkalies,  or  alkaline 
carbonates. 

1.  Minerals  toluble  in  nitric  at  nitiriatie  add. 

(a,)  Those  which  dissolve  with  eflfervescence  are  carbonates.  To  determine  die 
weight  of  the  carbonic  acid,  a  given  weight  of  the  carbonate  is  introduced  into  a 
flask,  to  which  a  spiral  tube  is  adopted ;  and  a  sufficient  quantity  of  dilute  nitric  or 
muriatic  acid  is  added  :  when  the  decomposition  is  complete,  we  deduct  from  the 
sum  of  the  weights  of  the  flask,  the  acid  and  the  saU,  that  of  the  flask,  and  its  re« 
maining  conteutj ; — the  loss  of  weight  is  the  quantity  of  carl)onlc  acid.  To  learn 
the  quantity  of  water  in  the  carbonate,  an  equal  weight  must  be  exposed  for  half 
an  hour  to  a  full  white  heat,  in  e  platinum  crucible.  The  diflerence  between  the 
loss  of  weight  from  the  ignition,  and  the  solution,  indicates,  approximately,  the  pro* 
portion  of  water  in  the  mineral.  Its  quantity  may  be  ascertained  more  preciselyi 
by  causing  the  watery  vapor  evolved  during  the  heating  of  the  mineral « to  past 
through  a  weighed  tube  filled  with  fragments  of  the  chloride  of  calcium  (fused  mu« 
riate  of  lime,)  by  which  it  is  absorbed. 

If  the  carbonate  is  marble,  or  pure  carbonate  of  lime,  the  proportion  of  the  base  li 
obvkyus ;  but  should  carbonate  of  magnesia  be  present,  the  magnesia  and  the  lime 
may  be  separated  in  the  following  manner.  The  solution  of  the  mineral  in  muriatic 
acid,  is  evaporated  to  perfect  drynem,  and  re^-dissolved  in  a  moderate  quantity  of  wa- 
ter. To  the  solution,  oxalate  of  ammonia  Is  added  as  long  as  a  precipitate  ensues^ 
The  oxalate  of  lime  is  converted  into  quick  lime  by  a  white  heat,and  weighed;  or, 
it  may  be  decomposed  by  a  red  heat,  and  after  moistening  the  resulting  carbonate 
with  a  strong  solution  of  carbonate  of  ammonia,  it  should  be  dried,  heated  to  low  red- 
ness in  a  platinum  crucible  over  an  alcoholic  lamp,  and  regarded  as  a  pure  carbonate 
of  lime.  To  the  filtered  liquid  containing  the  magnesia,  an  excess  of  carbonate  of 
ammonia,  and  then  phosphate  of  soda  is  added,  when  the  magnesia,  in  the  form  of 
the  ammoniaco>phosphate,  is  precipitated.  Of  this  precipitate  heated  to  redness,  100 
parts,  according  to  Siromeycr,  correspond  to  37  of  pure  magnesia. 

Where  strontiaf  or  baryta  exist  with  the  lime,  the  solution  of  the  compound  in  ni^ 
trie  acid.  Is  evaporated  to  dryness;  and  the  residuum  digested  in  alcohol,  which  die- 
solves  the  nitrate  of  lime,  and  leaves  the  nitrate  of  strontia,  or  baryta,  undissolved.* 
The  solutions  are  evaporated  to  dryness,  and  the  nitrates  decomposed  by  heat. 

Strontia  and  baryta  are  separated  from  each  other  in  consequence  of  die  solubility 
of  the  muriate  of  the  former,  and  the  insolubility  of  the  muriate  of  the  latter  In  aJcO' 
hoi.  In  order  to  render  the  separation  complete,  M<  Kastner  remarks^that  the  salts 
must  be  rendered  anhydrous,  and  the  alcohol  with  which  it  is  treated,  heated  to  188^ 
Fah.,  care  being  taken  that  the  alcohol  is  guarded,  so  that  it  cannot  attract  water 
from  the  atmosphere. 

(6.)  A  large  number  of  minerals,  consisting  of  various  hydrous  silicates,  such  as  si- 
licates of  alumina,  of  lime,  of  iron,  of  potassa,  or  of  soda,  united  together  in  different 
proportions,  are  readily  soluble  in  muriatic  add,  unattended  by  any  effervescence. 
These  substances  require  to  be  rendered  perfectly  impalpable.  The  quantity  em' 
ployed  for  analysis,  may  vary  from  26  to  50  grains.  The  proportu>n  of  water^if  any 
is  present,  is  ascertained  by  heating  the  mineral  to  whiteness  for  half  an  hour^  and 
observing  the  loss  of  weight  in  the  crucible  when  cold.  It  is  then  transferred  to  « 
flask,  and  digested  on  the  sand  bath  with  diluted  muriatic  acid,  till  a  solution  is.  oh- 


*  For  the  detection  of  baryta  or  strontia  when  in  union  with  lime,  the  solution  of 
the  mineral  in  nitric  acid  should  be  evaporated  to  dryness,  and  the  nitrates  decom- 
posed by  heat.  Upon  the  dry  mass,  water  is  boiled  ft>r  a  few  minutes,  keeping  the 
crucible  at  the  same  time  loosely  covered  with  its  lid.  The  whole  is  thrown  on  a 
covered  filter ;  and  to  the  liquid  which  passes  through,  sulphuric  acid,  or  a  soluble 
sulphate  is  added :  a  white  precipitate  will  appear,  if  either  baryta  or  strontia  be 
present ;  but  if  not,  the  liquid  will  retain  its  transparency.  (Ph.  Mag.  and  An.  P1|# 
1890,  Vol.  vu,  p.  404.) 
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tilned ;  obwrvlog  the  precattCion  to  agitate  the  veasel  almoat  const&iitly  daring  die 
operation,  to  prevent  any  of  the  silica  in  the  mineral  from  adhering  to  the  inside  of 
the  flask.  Immediately  on  its  solution;  the  contents  of  the  flask  are  to  he  poured  in- 
to an  open  evaporating  dish,  belbre  the  silica  begins  to  gelatinize.* 

The  acid  solution  is  evaporated  to  dryness;  and  water,  acidulated  with  murittic 
acid,  is  digested  on  the  dry  residue,  till  every  thing  is  taken  up  except  the  silica, 
which  has  now  become  insoluble.  The  whole  is  then  care&illy  washed  into  a 
(doubled  filter.    The  e<ilica,  washed  clear,  is  dried,  ignited,  and  weighed. 

The  liquid  which  has  passed  through  the  filter,  may  contain  alumina,  line,oxkle 
of  iron,  and  a  fixed  alkali.  It  is  reduced  by  evaporation  to  so  small  a  quantity,  as  to 
be  operated  upon  with  convenience.  Caustic  ammonia  is  added  in  excess,  which 
precipitates  the  alumina  and  Iron,  while  the  lime  and  the  fixed  alkali  remain  in  sola* 
tion.  The  precipitate  Is  collected  as  before,  and  its  weight  determined.  Let  it=a. 
It  is  put  into  a  flask,  and  digested  in  muriatic  acid,  until  dissolved.  A  few  white 
flocks  of  silica  commonly  remain.  They  are  collected,  edulcorated,  igi^ited  aad 
wadied;  and  their  weight  added  to  that  of  the  siNca  already  found,  and  dedocted 
from  the  weight  of  a,  which  indicates  the  alumina  and  oxide  of  iron  in  the  mineral 
To  Uie  muriatic  solution,  previously  rendered  nearly  neutral  by  evaporation,  a  brge 
•xcese  of  dilute  solution  of  potash  is  added ;  and  the  mixture  is  boiled  for  some  time 
in  a  flask.  The  alumina  is  dissQ|lved ;  while  the  per-oxide  of  iron  remains  behind  ia 
the  state  of  red  flocks.  The  iron  is  collected  on  a  filter,  heated  and  weighed.  Let 
Its  weight  ss5.    It  is  obvious  that  the  alumina  =sa — 6. 

Sometimes  manganese  is  also  present  in  the  liquid,  as  well  as  iron.  In  such  eas» 
the  precipitated  per-oxide  of  ijon  (if  the  foregoing  process  be  adopted)  will  contaia 
the  maoganeae.t  To  separate  the  manganese  from  the  iron,  the  easiest  way  is  to 
dissolve  the  mixture  in  muiiatic  acid,  and  to  pour  into  the  solution,  rendered  asneo- 
tral  as  possible  by  concentration,  a  solution  of  chloride  of  iime  ;  the  manganese  &Ib 
in  the  state  of  a  red  powder.  After  eduiooratioa  and  ignition,  6  of  this  matter  is 
equal  to  4.5  protoxide,  or  to  6  deutoxide  of  manganese.  This  amount  being  dedoct- 
ed from  the  original  weight  of  the  mixture  of  iron  and  manganoe,  will  leave  the 
weight  of  the  per-oxide  of  iron  contained  in  the  mineral  4 


*  Should  any  portions  of  the  silica  adhere  to  the  inside  of  the  flask,  a  little  potash 
ley,  assisted  by  a  gentle  heat,  will  readily  di»?olve  it.  But  care  must  be  taken  aot 
to  act  upon  the  glass  flask. 

t  The  presence  of  manganese  is  easily  detected  by  a  solution  of  chloride  of  fiioe, 
a  drop  of  which  let  fall  into  a  liquid  containing  manganese,  will  immediately  pro- 
duce a  red  precipitate  in  flocks. 

X  To  separate  the  oxides  of  iron  and  manganese,  a  great  variety  of  methods  have 
been  proposed.    A  very  easy  one  seems  to  be,  to  throw  down  the  oxides  (tbeinm 
behig  per-oxidized)  together  from  their  solution ;  to  wash  them  by  decantatwn ;  and 
lo  digest  them  in  muriate  of  ammonia  with  a  liitle  sugar.    The  manganese,  both 
protoxide  and  per-oxide,  will  be  dissolved,  and  the  oxide  of  iron  will  remain.   If 
the  iron  is  in  large  proportion,  compared  with  the  manganese,  the  IblloTriDg  process 
may  be  adopted  with  advantage :    To  the  cold  solution,  considerably  diluted  with 
water,  and  acidulated  with  mui  iatic  acid,  carbonate  of  soda  is  gradually  added,  and 
the  liquid  is  briskly  stirred  with  a  glass  rod  during  the  eflervescence,  in  order 
that  it  may  become  highly  charged  with  carbonic  acid.    By  neutralizing  the  wio- 
tion  in  this  manner,  it  at  length  attains  a  point  at  which  the  per-oxide  of  iroo  is  en- 
tirely deposited,  leaving  the  liquid  colorless ;  while  the  manganese,  by  aid  of  the 
free  carbonic  acid,  is  kept  in  solution.    The  iron,  after  filtering,  is  collected  on  a  fil* 
ter,  and  its  quantity  determined  in  the  usual  manner.    The  filtered  liquid  is  then 
boiled  with  an  excess  of  the  carbonate  of  soda ;  and  the  precipitated  carbonate  of 
manganese  is  collected,  heated  to  full  redness  in  an  open  crucible,  by  which  it  i^ 
converted  Into  the  ried  oxide,  and  weighed.    This  method  is  one  of  some  delieicy, 
but  lu  skilful  hands  it  aflbrds  a  very  accurate  result.    It  may  also  be  einpl(^ed  for 
separating  iron  from  magnesia  and  lime,  as  well  as  from  manganese.    But  if  mepro- 
portion  of  iron  is  small,  compared  with  that  of  manganese,  the  best  mode  of  Kpa- 
rating  it,  is  by  suecmate  of  ammonia  or  soda,  prepared  by  neutralizing  a  aolutkin  of 
■succmic  acid  with  either  of  these  alkalies.    That  this  process  should  succeed,  it  ii 
accessary  that  the  iron  be  wholly  in  the  state  of  the  per-oxide,  that  the  solution  be 
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The  liquid  thus  freed  from  alumiDa,  iron,  and  manganeie,  still  containa  lime  and 
a  fixed  alkali. .  It  is  to  be  heated,  and  oxalate  of  ammouia  added  to  it  as  long  as  any 
precipitate  falls.    Let  this  precipitate  be  treated  as  directed  on  page  9. 

To  obtain  the  alkali,  evaporate  the  liquid  thus  freed  firom  lime,  to  dryness ;  and 
heat  the  residual  salt  in  a  platinum  crucible,  (taking  care  not  to  fuse  it)  till  all  am- 
moniacal  fumes  are  dissipated :  what  remains  is  an  alkaline  chloride.  To  determine 
its  nature,  dissolve  it  in  a  little  water,  and  add  to  the  solution  some  muriate  of  plati- 
num. If  the  alkali  be  potash,  a  yellow  precipitate  will  &11 ;  but  none  will  appear  if 
the  alkali  be  soda  :  ^,  or  ||ths  of  the  weigh*t,  indicates  the  quantity  of  potash,  if 
the  salt  was  a  chloride  of  potissium;  -7-,  or  /rtiis  of  the  weight,  is  the  quantity  of 
soda  contained  in  chloride  of  sodium.* 

2.  MineraU  not  soluble  in  nitfie  or  muriatie  acid. 

These  are  usually  rendered  soluble  by  bein^  heated  with  three  times  their  weight 
of  dry  potassa  or  soda,  or  with,  from  three,  tohve  parts  of  the  carbonates  of  these  al- 
kalies. Minerals,  in  which  silica,  lime  and  magnesia,  are  most  abundant,  are  usual- 
ly treated  with  the  carbonates.  Either  carbonate  of  potash,  or  carbonate  of  soda, 
may  be  used  at  pleasure.  The  carbonate  of  soda  is  most  employed,  from  its  cheap- 
ness, and  the  ease  with  which  it  is  obtained  in  a  state  ol  purity.  The  mineral  re- 
duced to  an  impalpable  powder,  is  intimately  mingled  in  a  determinate  quantity  (say 
50  or  100  grs.),  with  three  or  four  times  its  weight  of  dry  carbonate  of  soda ;  and  ex- 
posed in  a  platinum  crucible,  to  a  red  heat  for  about  half  an  hour,  during  which,  the 
mixture  is  commonly  fused,  though  this  is  not  always  indispensable.  Dilute  man- , 
atic  acid  is  added  in  successive  portions,  to  detach  the  contents  of  the  crucible.  If 
the  mineral  has  been  sufficientiy  acted  upoii  by  the  alkali  in  the  operation,  the  solu- 
tion will  be  complete,  or  a  few,  light,  white  nocks  only,  will  remain  undissolved ; 
whereas,  when  the  powder  has  not  been  thoroughly  decomposed,  it  remains  in  the 
condition  of  a  dense  mass,  at  the  bottom  of  the  dish ;  in  which  case,  it  will  require 
fiirther  pulverization,  and  a  renewed  heating,  with  a  new  portion  of  carbonate  u  so- 
da. It  has  been  observed  by  Berthier,  that  in  the  case  of  highly  siliceous  minerals, 
a  mixture  of  five  parts  of  carbonate  of  potesh,  and  four  parts  of  carbonate  of  soda,  re- 
quires much  less  heat  for  breaking  up  their  original  composition,  and  rendering  them 
soluble.  A  spirit  lamp  is  sufficient  to  render  two  or  three  hundred  grains  of  the  com- 
pound perfectly  liquid.  In  the  cases  where  the  hydrated  alkalies  are  employed,  the 
mixture  is  put  into  a  silver,  instead  of  a  platinum  crucible,  which  is  corroded  by  pure 
alkalies ;  and  this  is  placed  in  one  of  earthen  ware,  the  interstices  being  filled  with 
sand.  A  littie  water  is  added  at  first,  to  dissolve  the  alkali :  the  mixture  is  stirred 
with  a  silver  rod  carefully,  as  the  heat  increases,  and  is  pressed  down,  to  prevent  It 
from  swelling  over  the  sides  of  the  vessel.  As  soon  as  the  moisture  is  dissipated,  the 
lid  of  the  crucible  Is  put  on,  and  the  heat  is  allowed  to  increase  to  low  redness,  ait 
which  point  it  is  maintained  for  half  an  hour.  The  crucible  being  removed  from 
the  fire,  is  well  cleaned  on  the  outside,  and  placed,  with  its  contents,  in  a  Wedge- 
wood  basin,  where  it  is  to  be  thoroughly  drenched  with  hot  water,  till  the  whole 
mass  is  detached.    The  crucible  is  removed,  and  muriatic  acid  added.    If  a  portion 


exactly  neutral,  (which  may  easily  be  insured  hy  the  cautious  use  of  ammonia,)  and 
that  the  reddish  brown  colored  succinate  of  iron  be  washed  with  cold  water.  Of  this 
succinate,  well  dried,  at  a  temperature  of  212^  Fahr.,  90  parts  correspond  to  40  of  the 
per-oxide.  From  the  filtered  liquid,  the  manganese  may  be  precipitated  at  a  boiling 
temperature  by  carbonate  of  soda,  and  its  quantity  determined  in  the  way  above 
mentioned.  The  benzoate  may  be  substituted  for  the  succinate  of  ammonia  in  the 
preceding  process.  It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intend- 
ed to  precipitate  iron  by  means  of  the  alkalies,  the  succinates,  or  benzoates,  it  is  es- 
sential that  this  metal  be  in  the  maximum  of  oxidation.  It  is  easily  brought  into 
this  state  by  digestion  with  a  little  nitric  acid. 

*  Chloride  of  potassium,  and  chloride  of  sodium,  arc  permanent  in  the  air;  but 
chloride  of  lithium  deliquesces. 
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of  the  minertl  reoiaioi  undceompofed,  U  will  require  to  be  treated  again  with  Ibe 
alJcaU,  ■•  in  the  fintt  instance.^ 

Let  us  f  uppose  a  mineral  to  be  compoeed  of  sUica,  alumina,  lime,  magnesia,  and 
oiida  of  iron,  that  it  hai  been  treated  with  carbonate  of  soda,  diaeolved  in  muriatic 
acid,  the  acid  aolution  evaporated  to  dryneaa,  and  the  leaidue  digested  in  water  acid- 
ulated with  muriatic  acid,  by  which  means  every  thing  it  diaaolved  except  the  si- 
lica. The  liquid  containing  the  lime,  magnesia,  alumina,  and  oxide  of  iron  is  dis- 
solved in  an  excess  of  muriatic  acid,  and  put  into  an  assay  gla«,  fumisbed  with  a 
plate  of  glass  to  cover  its  top :  into  this  is  poured  (by  small  portions  at  a  time,)  a  so- 
lution of  bi-carbonate  of  potash,  or  bt-carbonate  of  ammonia.  Al^er  each  addilioo 
a  violent  efliirvescence  takes  place ;  and  the  glass  plate  must  be  put  over  the  moutli 
of  the  veasel  to  prevent  the  loss,  which  might  be  occasioned  by  the  little  drops  of  li- 
quid thrown  out  of  the  glass  during  effervescence.  This  addition  is  to  be  continued 
till  the  liquid  is  supersaturated  wi:^  the  bi-carbooate.  The  alumina  andoiideof 
iron  are  precipitated ;  but  the  lime  and  magnesia  remain  in  solution,  in  the  state  of 
compound  salts,  or  bi-carbonates.  The  precipitated  alumina  and  oxide  of  iron  are 
to  be  treated,  for  their  separation,  as  on  page  10.  The  liquid,  containing  the  lime 
and  magnesia,  is  saturated  with  muriatic  acid,  a  little  caustic  ammonia  added;  and 
than  the  lime  is  precipitated  by  oxalate  of  ammonia.  To  obtain  the  lime  in  a  scpa- 
i«te  state,  the  oxalate  of  lime  b  treated  as  on  page  9.  The  liquid  thus  treed  froa 
lime  is  to  he  made  boiling  hot ;  and  while  in  that  state,  mingled  with  an  excess  of 
carbonate  of  soda.  Ailer  being  boiled  for  two  hours  on  the  sand  bath,  the  precipi- 
tated carbonate  of  magnesia  is  separated  by  the  filter.  The  liquid  which  baspaned 
through  the  filter  is  evaporated  to  dryness,  and  the  residual  salt  redissolved  in  wa- 
ter ;  a  little  carbonate  of  magnesia  will  remain.  The  whole  of  the  magnesia  thus 
ohtained,  is  to  be  put  into  a  platinum  crucible  and  exposed  to  a  strong  red  best, 
which  expels  the  carbonic  acid. 

When  we  have  manganese  present  in  addition  to  the  mgiedients  supposed  in  the 
last  ease,  the  following  process  may  be  advantageously  adopted.  The  iron  and 
alumina  are  separated  as  before,  and  the  manganese,  lime  and  magnesia,  Jeil  in  solu- 
tion. If  the  quantity  of  the  manganese  be  proportionally  small,  it  is  precipitated  as 
a  suiphuret,  by  the  hydro-sulphuret  of  ammonia  or  potassa.  This  sulpburet  is  then 
dissolved  in  muiiatic  acid,  and  the  manganese  thrown  down  as  usual  by  weans  of 
an  alkali.    But  if  the  manf^anese  be  the  chief  ingredient,  the  best  method  is  topre- 


*  The  appearances  presented  duiing  these  operations,  athrd  very  useful  indica- 
tions of  the  nature  of  the  mineral  under  examination,  and  are,  therefore,  not  to  iw 
overlooked  in  the  preliminary  trials,  or  qualitative  analysis.  If  the  mixture  under- 
goes a  perfectly  liquid  fusion,  we  msy  presume  that  the  stone  contains  much  sili- 
ceous earth  1  if  it  remain  pasty  and  opake,  the  other  earths  are  to  be  suspected;  sad 
lastly,  if  it  have  the  form  of  a  dry  powder,  the  bulk  of  which  has  considerably  in- 
creased, it  is  a  sign  of  the  predominance  of  alumina.  If  the  fused  mass  have  a  dark 
Keen  or  brownish  color,  the  presence  of  oxide  of  iron  is  announced ;  a  bright  greeo 
licates  manganese,  especially  if  the  color  be  imparted  to  water ;  and  a  yellowish 
green,  the  oxide  of  chrome :  when  the  muriatic  solution  assumes  a  purplish  red  color, 
R  hi  a  sign  of  oxide  of  manganese ;  an  orange  red  shows  iron,  and  a  goId-yefJoir, 
phrome.    Freedom  from  color,  indicates  the  absence  of  metallic  ingredients. 

Tp  discover  whether  any,  and  what  acids,  are  contained  in  the  mineral,  to  the  li- 
quor remaining  after  the  separation  of  the  silica,  (which  is  eflfectod  as  described  on 
page  10,)  carhppate  of  potassa  is  added,  and  the  precipitate  separated  as  usual.  The 
superoaunt  liquid  is  neutralized  by  muriatic  acid,  and  filtered.  To  discover  sulphu- 
ric acid,  muriate  pf  baryta  is  added.  Should  a  copious  precipitate  appear,  which  is 
Insoluble  ip  diluted  muriatic  acid,  the  presence  of  sulphuric  acid  is  detected.  If  a 
precipitate  takes  place,  which  is  soluble  In  niui  iatic  acid,  and  without  efiervescence, 
it  proves  the  existence  of  phosphoiic  acid ;  and  if  lime  be  also  found,  the  pho^httea 
lime  is  indicated.  To  learn  whether  fluoric  acid  be  present, — to  a  portion  of  the  li- 
quor, a  solution  of  muriate  of  lime  is  added,  till  the  precipitate,  if  any,  ceases.  Up- 
on the  precipitate,  washed  and  dried,  is  poured  a  little  sulphuric  acid :  ifadd/usies 
91-isc,  the  acid  in  question  may  be  suspected.  To  ascertain  its  presence  decisively, 
a  portion  of  the  precipitate  is  distilled  with  half  its  weight  ef  sulphuric  4cid.  The 
fluoiic  .acid  wiU  be  kpown  by  its  etfects  on  the  retort,  and  by  its  other  properties. 
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cipUate  it  at  once,  together  with  the  two  earths,  by  a  fixed  alkaline  carbonate  at  a 
botting  temperature.  The  precipitate,  after  being  exposed  to  a  low  red  heat  and- 
weighed,  is  put  into  cold  water  acidulated  with  a  drop  or  two  of  nitric  acid,  when 
the  Time  and  magnesia  will  be  slowly  dissolved  with  effervescence.  Should  a  very 
little  of  the  manganese  be  likewise  taken  up,  it  may  easily  be  thrown  down  by  the 
hydro-sulphuret  of  ammonia. 

Separatum  iff  the  oxides  of  chrome,  iron  and  nickel.  The  oxide  of  chrome  may 
be  separated  from  those  of  iron  and  nickel,  by  repeatedly  boiling  the  three  to  dryness 
with  nitric  acid.  This  will  acidify  the  chrome,  and  will  render  it  soluble  In  pure  po* 
tassa,  which  does  not  take  up  the  other  oxides.  From  this  combination  with  po- 
tassa,  the  chromic  oxide  may  be  detached  by  adding  muriatic  acid  and  evaporating 
the  liquor  till  it  assumes  a  green  color.  Then  on  adding  a  solution  of  pure  potasse, 
the  oxide  of  chrome  will  fall  down,  because  the  quantity  of  oxygen,  required  for 
its  acidification,  has  been  detached  by  the  muriatic  acid.  The  oxides  of  iron  and 
nickel  are  next  to  be  dissolved  in  muriatic  acid,  and  the  solution  evaporated  to  dry- 
ness. Liquid  ammonia  is  then  to  be  added,  which  acts  on  the  oxide  of  nickel  only. 
The  solution  may  be  again  evaporated  to  dryness,  which  will  render  the  oside  of 
iron  more  dense,  and  more  easily  separable  from  the  soluble  portion.  A  fresh  ad- 
dition of  ammonia  will  now  readily  dissolve  the  nickel,  leaving  the  oxide  of  iron, 
which  must  be  dried  as  usual.  The  oxide  of  nickel  remains  dissolved  by  the  excess 
of  ammonia,  to  which  it  imparls  a  blue  color.  It  may  be  separated  by  evaporating 
the  Bolution  to  dryness  and  dissolving  the  salt. 

Separation  of  gludna  and  zirconiafrom  alumina. — When  alumina  and  glucina 
are  present  in  a  mineral,  they  may  be  separated  from  their  mixed  state  as  precipita- 
ted toeether,  by  pure  potassa,  which  dissolves  both  these  earths.  A  sufficient  quan- 
tity of  acid  is  then  to  be  added  to  saturate  the  alkali,  and  carbonate  of  ammonia  pour- 
ed in,  till  a  considerable  excess  of  this  carbonate  is  manifested  by  the  smell.  The 
alumina  Is  tl-'us  separated,  but  the  glucina,  being  soluble  In  the  carbonate  of  ammo- 
nia, remains  dissolved  and  may  be  precipitated  by  boiling  the  solution.  Zirconia  is 
separated  from  alumina  by  boiling  the  mixed  earths  with  pure  sodft,  which  acts  only 
on  the  latter ;  or  from  an  acid  solution  containing  both  earths,  the  alumina  is  thrown 
down  by  saturated  carbonate  of  potassa,  which,  when  added  in  excess,  re-dissolves 
the  zirconia.  Glucina  and  zirconia,  or  glucina  and  yttria,  may  be  separated,  when 
mixed  together  in  solution,  by  ferro-cyanate  of  potassa,  which  has  no  action  on  glu- 
cina, but  precipitates  the  two  other  earths. 

In  those  minerals  which  contains  a  fixed  alkali,  such  as  potassa  or  soda,  it  is  neces- 
sary to  abstain  from  the  use  of  these  reagents  in  effecting  their  solution.*  The  other 
constituents  of  such  minerals  should  be  ascertained  by  the  methods  already  descri- 
bed :  to  obtain  the  alkali,  either  of  the  following  methods  may  be  adopted.  (1.)  Twen- 
ty fire' or  thirty  grains  of  the  mineral  aie  intimately  mingled  in  a  platinum  crucible 
with  a  quantity  of  powdered  fluor-spar,  equal  in  weight  to  two  and  a  half  times  the 
weight  of  the  silica  contained  in  the  mineral ;  this  mixture  isdrenehed  with  sulphu- 
ric acid,  and  exposed  for  several  hours  to  the  heat  of  a  sand-bath.    After  all  evolu- 


*  The  presence  of  potassa  in  a  mineral  may  often  be  detected  by  boiling  it  in  pow- 
der with  sulphuric  acid,  the  acid  being  strong,  and  the  digestion  repeated  a  num- 
ber of  times.  The  residuary  mass  after  the  final  boiling  is  washed  with  water ;  a 
slight  excess  of  acid  is  added  and  the  solution  evaporated  to  a  smaller  bulk.  If 
crystals  of  alum  make  their  appearance,  it  is  the  indication  of  potassa.  But  siiice 
a  mineral  may  contain  potassa  and  little  or  no  alumina,  in  which  cAse  no  crys- 
tals of  alum  will  appear,  it  may  be  necessary  to  add  a  little  alumina  along  with 
the  sulphuric  acid.  Or,  the*  stone  may  be  so  hard  as  to  resist  the  action  of  sul- 
phric  acid :  it  will  then  be  necessary  to  fuse  it  with  soda,  to  disolve  the  fused  mass  in 
water  and  to  supersaturate  the  solution  with  sulphuric  acid.  On  evaporating  to  dry- 
ness, and  redissolving  in  water,  the  silica  is  separated.  The  supernatant  fluid  will 
first  aflford  crystals  of  sulphate  of  soda,  and  afterwards  of  sulphate  of  potassa,  should 
tlte  latter  alkali  be  contained  in  the  mineral.  Soda  may  be  detected  in  a  mineral 
where  it  exists,  by  treating  its  powder  with  sulphuric  ucid,  washing  off  the  solution, 
and  adding  caustic  ammonia  till  the  precipitation  cea.'^es.  The  supernatant  fluid  in 
>  evaporated  to  dryness,  and  the  residuum  heated  to  expel  the  sulphate  of  ammonia. 
The  sulphate  of  soda  will  remain,  and  may  be  known  by  its  appropriate  characters. 
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tion  of  fluofliUcic  acid  it  at  an  end,  the  crucible  Is  exposed  to  a  red  heat  tor  half  mm 
hour,  to  drive  off  all  exceaa  of  milpburic  add  and  to  ensure  a  total  decomposition  of  the 
fluor-spar.  The  dry  mass  is  now  digested  in  distilled  water,  till  every  thine  solaUe 
is  taVen  up:  the  solution  after  being  mingled  with  a  solution  of  carbonate  of  ammo- 
nia, to  throw  down  any  lime  that  may  he  taken  up  in  the  state  of  sulphate^  and  filter- 
ed, is  evaporated  to  dryness  and  heated  to  redness.  What  remains  is  the  ^kali  of  the 
mineral  united  to  sulphuric  acid.  It  is  easy  from  the  properties  of  the  salts,  to  decide 
whether  it  be  sulphate  of  soda,  or  sulphate  of  potassa,  and  the  known  oonstitutioD  el" 
these  salts,  enables  us  at  once  to  decide  the  weight  of  alkali  which  the  mineral  con- 
tains.* (2.)  The  other  process  consists,  in  intimately  mingling  the  mineral  witfa  mx 
times  its  weight  of  the  artificial  parbonate  of  baryta,  and  exposing  it  for  an  hoar  is 
a  platinum  crucible  to  a  white  heat  The  ignited  mass  is  dissolved  in  diiaCe  aaa- 
riatic  acid,  and  the  solution  evaporated  to  dryness.  The  soluble  parts  are  taken 
up  in  hot  water ;  an  excess  of  the  carbonate  of  ammonia  is  added ;  and  the  inaohible 
matters,  consisting  of  silica,  carbonate  of  baryta,  and  all  the  constituents  of  tbe 
mineral,  excepting  the  fixed  alkali,  are  collected  on  a  filter.  The  clear  solutioo  is 
evaporated  to  dryness  in  a  Wedgewood  basin  or  capsule',  and  the  dry  mass  is  heated 
to  redness  in  a  crucible  of  platinum,  in  order  to  expel  the  salts  of  ammonia.  The 
residue  is  the  chloride  of  poussium  or  sodium.  In  this  process,  it  generaUy  hap- 
pens that  traces  of  manganese  and  sometimes  of  iron,  escape  precipitation  in  the  fimt 
part  of  tbe  process;  in  which  case,  they  require  to  be  thrown  down  by  bydro-sol- 
phuret  of  ammonia.  If  neither  lime  nor  magnesia  is  present,  the  alumina,  iroD, 
and  manganese  may  be  separated  by  pure  ammonia,  and  the  baryta  subsequently 
removed  by  the  carbonate  of  that  alkali.  By  this  method,  the  carbonate  of  baryta 
is  recovered  in  a  pure  state,  and  may  be  reserved  for  another  analysis.  The  baryta 
may  also  be  thrown  down  as  a  sulphate  by  sulphuric  add,  in  which  case  tbe  aoda  or 
potassa  is  procured  in  combination  with  that  acid.t 

It  should  be  observed  before  concluding  the  nodce  of  minerals  insoluble  in  nitric 
and  muriatic  acids,  that  the  sulphates  of  baryta,  strontia,  and  lime  (as  well  as  the' 
fluate  and  phosphate  of  lime)  are  capable  of  an  easier  decomposition  than  dmt  above 
described.  Instead  of  fusion  with  alkali,  they  only  require  to  be  digested  for  osie 
or  two  hours  with  three  or  four  times  their  weight  of  carbonate  of  soda  or  poCnasa, 
and  a  suffident  quantity  of  water.  The  ackl  united  with  the  earth  will  quit  it,  and 
paM  to  the  potassa  or  soda,  while  the  carbonic  acid  will  lea^e  the  alkali  and  cmn- 
bine  with  the  earth.  We  shall  obtain,  therefore,  a  compound  of  the  add  of  the 
stone  with  potassa  or  soda,  which  will  remain  in  solution,  while  the  carbonated  earths 
will  form  an  insoluble  precipitate.  But  as  the  decompodlion  is  liable  to  be  ineom- 
plete,  it  is  necessary  to  decant  the  alkaline  liquor,  to  edulcorate  the  predpitate  with 
water;  then  to  dissolve  the  earthy  carbonates  with  diluted  nitric  or  muriatic  adds, 
and  to  treat  the  portion  which  resists  solution  with  a  fi-esh  quantity  of  carbonated 
alkali. t  Of  these  compounds,  the  sulphate  of  lime  b  best  suited  to  the  present 
method.  It  needs  only  to  be  boiled  fifteen  or  twenty  minutes  with  a  solution  of 
twice  its  weight  of  carbonate  of  soda.  The  carbonate  of  lime  after  being  thoroughly 
washed,  is  either  heated  to  low  redness  to  expel  the  water,  and  weighed,  or  at 


*  If  the  mineral  contain  magnesia,  a  portion  of  this  earth  in  the  state  of  sulphate, 
may  be  mixed  with  tbe  alkaline  sulphate.  A  good  red  heat  will  decompose  ttm  salt, 
and  the  magnesia  will  remain  when  the  alkaline  sulphate  is  dissolved  in  water. 

f  This  mode  of  analysis  is  attended  with  considerable  inconvenience  when  mag- 
nesia happens  to  be  present,  because,  this  earth  is  not  completely  precipitated  either 
by  ammonia,  or  its  carbonate ;  and  therefore  some  of  it  remains  with  the  fixed  alka- 
li. The  best  mode  to  effect  its  separation,  perhaps,  is  to  add,  first,  carbonate  of  am- 
monia to  the  liquid,  and  then  phosphoric  acid ;  the  latter,  drop  by  drop,  until  all  the 
magnesia  Is  thrown  down  in  the  form  of  ammoniaco-magneaian  phosphate.  The  ex- 
cess of  phosphoric  acid  is  afterwards  removed  by  acetate  of  lead,  and  that  of  lead 
by  sulphuretted  hydrogen.  The  acetate  of  the  alkali  is  then  brought  to  dryness, 
ignited,  and,  by  the  addition  of  sulphate  of  ammonia,  converted  into  a  sulphate. 

t  This  metiiod  is  better  adapted  to  the  decomposition  of  sulphate  of  lime,  than 
to  that  of  the  sulphate  of  baryta  or  strontia.  The  latter  salts  are  better  decomposed 
by  being  mingled  with  three  times  their  weight  of  carbonate  of  soda,  and  heated  to 
redness  in  a  platinum  crucible  for  the  space  o^an  liour. 
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once  reduced  to  quick  lime  by  a  white  heat  Of  the  dry  carbonate,  fifty  parts  cor- 
reipond  to  twenty  eight  of  lime.  The  alkaline  aolution  is  acidulated  with  muriat- 
ic acid,  and  the  sulphuric  acid  thrown  down  by  muriate  of  baryta.  From  the  sul- 
phate of  this  earth,  collected  and  dried  at  a  red  heat,  the  quantity  of  iht  acid  may 
easily  be  estimated. 

ANALYSIS   OF  SALTS. 

(a.)  Method  of  determining  the  constituents  of  a  salt. 

Having  made  some  preliminary  trial  of  the  degree  of  solubility,  possessed  by  the 
salt  to  be  subjected  to  examination,  50,  or  100  erains,  in  the  state  of  a  fine  and  dry 
powder,  is  dissolved  in  a  convenient  quantity  of  water  at  the  temperature  of  120^  or 
180^'.  The  solution  may  be  made  in  a  flask,  and  aided  by  repeated  agitation  from 
shaking ;  or,  in  those  cases  where  the  solution  is  more  easily  effected.  It  may  be 
made  in  an  evaporating  basin.  When  the  solution  is  complete,  it  is  slowly  evapo- 
rated, till  a  pellicle  appears  at  the  surface,  and  left  to  cool  gradually.  When  cold« 
crystals  will  probably  appear,  which  furnish  a  certain  indication  of  the  nature  of  the 
crystalline  body,  and  may  supersede  a  decomposition  of  the  substance  under  ex- 
amination. But  as  several  different  salts  may  be  present  in  the  same  solution,  and 
may  not  crystallize  in  a  sufficiently  distinct  shape,  it  may  be  necessary  to  have  re^ 
course  to  the  evidence  of  tests.  In  pursuing  these  investigations,  it  will  be  conven- 
ient to  refer  all  salts  to  one  of  the  following  orders  (1.)  Salts  tvith  excess  ofaeid.-^ 
These  are  known  by  their  effect  on  vegetable  blues.  (2.)  Alkaline  saUs.^-These 
are  characterized  by  their  effects  on  vegetable  colors.  (8.)  Salts  with  metallic 
bases. — Metallic  salts  afibrd  a  very  copious,  and  generally  a  colored  precipitate, 
when  mixed  with  a  solution  of  ferro-cyanate  of  potassa.  (See  table,  at  the  close 
of  this  essay.)  To  ascertain  the  species  of  metal,  precipitate  the  whole  by  the 
ferro-cyanate  of  potassa ;  calcine  the  precipitate,  and  proceed  according  to  the 
rules  which  are  given  for  separating  the  metals,  under  the  heads  of  analysis  of 
earths,  and  analysU  of  metals.  (4.)  Salts  with  earthy  hases.-^li  a  solution  of  salt, 
in  which  ferro-cyanate  of  potassa  occasions  no  precipitation,  afford  a  precipitate, 
immediately,  on  adding  pure  or  carbonated  potassa,  we  may  infer,  that  a  com- 
pound of  an  acid,  with  some  one  of  the  earths,  is  present  in  the  solution.  Or,  af- 
ter ferro-cyanate  of  potassa  has  ceased  to  throw  down  a  sediment,  if  the  above  men- 
tioned alkali  precipitates  a  farther  portion,  we  may  infer,  that  both  earths  and  metal- 
lic salts,  are  contained  in  the  solution.  In  the  tirst  case,  the  alkaline  solution  Is 
added,  until  it  ceases  to  produce  a  precipitate.  The  sediment,  consisting  of  earths, 
is  separated,  washed  and  dried ;  and  examined,  according  fo  the  rules,  given  under 
analysis  of  earths.  In  the  second  case,  ferro-cyanate  of  potassa  is  added,  as  long  as 
it  precipitates  any  thing,  and  the  liquor  decanted  from  the  sediment,  which  is  wash- 
ed, and  the  washings  added  to  what  has  been  poured  off.  The  decanted  solution  is 
next  mixed  with  the  alkaline  one,  and  the  precipitated  earths  reserved  for  experi- 
ment. (6.)  JSTeutral  salts,  with  alkaline  bases. — ^These  salts  are  not  precipitated,  ei- 
ther by  ferro-cyanate,  or  by  carbonate  of  potassa.  It  may  happen,  however,  that 
salti  of  this  class  may  be  contained  in  a  solution,  along  with  metallic,  or  earthy  ones. 
In  this  case,  the  metals  are  precipitated  by  ferro-cyanate  of  ammonia,  and  (he  earths 
by  carbonate  of  ammonia,  in  a  temperature  of  180^  or  upwards,  in  order  to  ensure 
the  decomposition  of  magnesian  salts,  which  this  carbonate  does  not  efllect  in  the  cold. 
The  supernatant  liquid  is  separated  by  filtration,  and  boiled  to  dryness.  The  residuum 
is  then  exposed  to  a  heat,  sufficient  to  expel  the  ammoniacal  salts.*  Those,  with  ba»- 
es  of  fixed  alkali,  will  remain  unvolatilized.  By  the  present  process,  it  will  be  im- 
possible to  ascertain  whether  ammoniacal  salts  were  originally  present;  but  this 
may  be  learned,  by  adding  to  the  salt  under  examination,  before  its  solution  in  water, 
some  potassa,  which,  if  ammonia  be  contained  in  the  salt,  will  produce  the  peculiar 
smell  of  that  alkali.  The  vegetable  and  mineral  alkalies  may  be  distinguished,  by 
adding  to  the  solutfon  a  little  tartaric  acid,  which  precipitates  the  former,  but  not  the 
latter;  or,  by  muriate  of  platinum,  which  acts  only  on  the  vegetable  alkali.    Hav- 


*  This  application  of  heat  will  drive  off,  al^o,  any  excess  of  the  ammoniacal  car- 
bonate, which  might  have  retained  in  solution,  either  yttria,  glucina,  or  zirconia. 
The  alkaline  salts  may  be  separated  from  these  eartlis,  by  boiling  the  mixture  in  wa- 
ter, filtering,  and  evaperatfaig. 
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inic  averUinod  the  batli  of  the  mU,  the  acid  will  be  eanly  dlscrimioated.  Mnrialc 
of  baryta  will  indicate  sulphuric  acid ;  nitrate  of  silver  ther  muriatic ;  and  salts,  cob- 
taininff  nitric  acid,  may  be  Iloowd  by  a  detonation  ensuing  on  projecting  tfaem,  mix- 
ed with  powdered  charcoal,  into  a  red-hot  crucible. 

(b.)  Method  of  determining  the  proportions  of  the  elements  <^ salts. 
Salts  are  analyzed  by  two  processes  :  one  is  the  direct  combibation  of  their  cod- 
stituent  principles,  or  synthesis ;  the  other  by  separating  their  elements,  or  anal jsi. 
By  the  first  of  these  methods,  let  the  salt,  the  proportion  of  whose  elements  is  fo  be 
determined,  be  sulphate  of  ammonia;  we  take  two  weak  solutions,  one  of  the  acid, 
the  other  of  the  alkali,  containing  known  quantities  of  real  acid  and  alkali,  and  we 
ascertain,  by  adding  the  alkali  cautiously  to  the  acid,  how  much  of  it  is  necessary  to 
neutralize  2000  or  8000  grains  of  the  acid.    And  in  a  case  where  the  elements  are 
gaseous,  as  in  muriate  of  ammonia,  we  measure  a  certain  yolume  of  tbe  acid  gas 
over  mercury,  and  pass  ammoniacal  gas  to  it  by  degrees,  till  the  whole  of  tbe  acid 
is  absorbed ;  by  which,  the  proportion  in  which  the  two  gases  combine  is  easily  6e* 
termined,  and  from  it,  and  tneir  specific  gravities,  may  Im  calculated  the  weight  of 
acid  and  base  in  the  salt.    By  the  reverse  process,  if  the  salt  be  not  decomposable 
by  heat,  it  is  calcined  to  redness ;  otherwise  it  is  dried  by  exposure  to  the  tempera- 
ture of  boiling  water,  or  by  placing  it  on  hot  sand  in  a  vacuum,  near  a  substance 
having  a  strong  attraction  for  water.     Most  of  the  oxides  are  insoluble  In  water, 
and  may  be  separated  from  their  acid  by  the  alkalies,  provided  that  the  oxide  be  not 
soluble  in  excess  of  alkali,  nor  capable  of  absorbing  carbonic  add.  Or  at  least  that  It 
part  with  it  again  by  heat,  without  undergoing  any  other  change.    As  most  oxides 
are  insoluble  m  water,  so,  on  the  other  hand,  nearly  all  the  aci£  are  soluble  in  that 
fluid  ;  consequently  very  few  acids  of  salts  can  be  isolated  by  precipitation.     There 
are  very  few  acids,  however,  which  do  not  form  with  some  base,  and  few  bases 
which  do  not  form  with  some  acid,  an  insoluble  salt ;  upon  which  fact  very  many 
salts  are  conveniently  analyzed.    Sulphate  of  soda  and  muriate  of  baryta  may  be 
quoted  as  examples.    A  certain  quantity  of  either  salt  is  dissolved  in  water,  to  which 
a  solution  of  the  other  is  added  in  excess ;  a  precipitate  of  sulphate  of  baryta  will  be 
obtained,  containing  in  one  case  all  the  acid  of  the  sulphate,  in  the  other  all  the  ba- 
ryta of  the  muriate.    The  precipitate  is  collected,  washed,  dried  and  ignited.    One 
hundred  parts  of  sulphate  of  baryta  contains  34  of  sulphuric  add,  and  ^  of  baryta. 
If  the  oxide  which  forms  the  base  of  the  salt  to  be  anal3rzed,  be  fixed,  and  undergoes 
no  change  at  a  high  temperature,  or  such  only  as  can  be  taken  account  of,  and  the 
acid  and  its  elements  be  volatile,  the  quantity  of  the  former  may  be  known,  by  sim- 
ply calcining  the  salt  in  a  platinum  crucible.    The  oxides  and  acids  of  the  greatest 
part  of  the  nitrates  and  carbonates  may  be  analyzed  in  this  way.    To  acertain  the 
water  of  crystallization,  if  the  salt  be  not  decomposed  at  a  high  temperature,  it  is  ne- 
cessary only  to  heat  a  given  weight  to  redness  in  a  platinum  crucible,  and  to  observe 
how  much  it  loses  by  the  operation.    If  a  high  temperature  would  decompose  the 
salt,  destroying  or  volatilizing  one  of  its  constituents,  60  grains  of  It  may  be  put  into 
a  very  small  retort,  to  which  is  fitted  a  receiver  containing  a  saturated  solution  of 
potassa, — the  retort  and  receiver  being  accurately  weighed  before  the  experiment 
begins.    Heat  is  then  gradually  applied  to  the  bottom  of  the  retort,  till  the  salt  be- 
comes visibly  red  hot.    The  whole  is  then  weighed  a  second  time.    The  loss  of 
weight  sustained  by  the  retort  is  equivalent  to  the  weight  of  the  base  of  the  salt,  and 
to  that  of  the  water  of  crystallization  which  the  salt  contained.    The  receiver  wfll 
have  increased  in  weight,  and  the  increase  will  be  just  equal  to  the  water  of  crys- 
talUzationofthesalt.* 

AlVALTSIS   or   METALS. 

The  diversity  of  metallic  ores  is  so  great  as  to  render  it  impossible  to  give  any  gen- 
eral formula  for  their  analysis.  The  limits  of  the  present  work,  enable  us,  only  to 
subjoin  under  this  head  a  short  account  of  the  best  mode  of  analyzing  the  roost  im- 
portant ores  of  those  metals  which  are  most  frequently  presented  to  the  chemist  for 
(lis  examination. 

(a.)  Ores  of  Gold. — Native  gold  is  dissolved  in  nitro-muriatic  add ;  the  silver,  if 
any  be  present,  falls  to  the  bottom  in  the  state  of  a  muriate,  and  may  be  separated  by 

*  For  the  method  of  determining  the  water  of  crystallization  in  those  salts  incap- 
able of  resisting  the  action  of  a  red  heat,  see  Supplement  Encyc.  Brit.  Vol.  III.  p.  500, 
or  Th6nard  on  Chemical  Analysis,  translated  by  Children,  p.  211. 
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filtration,  and  weighed.  Proto-sulphate  of  iron  is  added  to  the  solution,  which  throws 
down  the  gold  in  the  metallic  state.  If  copper  is  present,  it  may  be  precipitated  by 
means  of  a  plate  of  iron.  The  auriferous  pyrites  may  be  treated  with  dilute  nitrous 
acid,  which  dissolves  the  iron,  and  separates  the  sulphur :  the  gold  remains  insolu- 
ble, and  is  found  in  the  state  of  small  grains.  When  sold  and  platinum  are  both  con- 
tained in  the  same  solution,  they  may  be  separated  trom  each  other  by  a  solution  of 
muriate  of  ammonia,  which  throws  down  the  platinum,  but  not  the  gold.  In  this 
way  platinum^  may  be  detached  from  other  metals. 

(b.)  Ores  of  Silver. — Native  silver  is  dissolved  in  nitric  acid.  The  gold,  if  the 
ore  contains  any,  will  remain  in  the  state  of  a  black  powder,  and  may  be  dried  and 
weighed.  The  silver  is  precipitated  by  a  solution  of  common  salt.  Every  100  parts 
of  the  precipitate,  washed,  dried  and  ignited,  will  contain  76.5  of  silver.    The  cop- 

{>er  (wnose  presence  is  ascertained  by  the  deep  blue  color  communicated  to  the  ao- 
ution  by  ammonia,)  is  precipitated  by  a  plate  of  iron.  When  lead  is  present  in  the 
solution,  which  is  also  thrown  down  by  common  salt,  the  silver  is  precipitated  by  a 
polished  piece  of  copper.  If  the  ore  contains  arsenic,  that-  metal  becomes  acidified 
by  nitric  acid;  and  aAer  the  separation  of  the  silver,  the  arsenic  acid  is  thrown 
down  by  nitrate  of  lead.  Sulphate  of  silver  is  treated  with  diluted  nitric  add,  which 
dissolves  the  silver  and  leaves  the  greater  part  of  the  sulphur  untouched.  The  re- 
siduum is  dried,  and  the  sulphur  burut  off;  the  loss  of  weight  gives  the  sulphur. 
The  silver  is  to  be  precipitated  by  common  salt ;  and  the  other  metals,  if  any  be 
present,  are  to  be  ascertained  as  above.  Part  of  the  siilphur  is  always  acidified. 
The  acid  thus  formed,  is  precipitated  by  nitrate  of  baryta;  100  parts  of  the  dried 
precipitate,  equalling  14.5  of  sulphur.t 

(e.)  Ores  of  Copper. — Native  copper  sometimes  contains  gold,  silver,  or  iron.  It 
is  therefore  dissolved  in  nitric  acid ;  the  ^Id  remains  in  the  state  of  a  blackish,  or 
rather,  violet  colored  powder :  the  silver  is  separated  by  a  polished  plate  of  copper, 
(or  it  maybe  precipitated  from  a  separate  portion  of  the  solution  by  common  salt;) 
and  the  iron  is  separated  by  boiling  the  solution  to  dryness,  and  treating  the  residu- 
um with  water.  By  this  process,  the  nitrate  of  iron  is  decomposed ;  the  oxide  of  Iron 
remains,  while  the  water  dissolves  the  nitrate  of  copper.  This  last  salt  is  decom- 
posed by  boiling  it  with  potash ;  the  precipitate  dried  in  a  red  heat,  is  black  oxide  of 
copper.  100  parts  of  it  =:  80  of  metallic  copper.  Sulphuret  of  copper  is  dissolved 
hi  muriatic  acid  by  the  help  of  nitric  acid.  Part  of  the  sulphur  separates,  while  a 
part  is  acidified.  The  solution  being  divided  into  two  parts ;  from  the  one,  the  copper 
IS  precipitated  by  an  iron  plate,  and  from  the  other,  the  iron  by  ammonia.  Arsennto 
of  copper  is  dissolved  in  diluted  nitric  acid,  and  nitrate  of  lead  added  to  the  solutloD, 
which  is  evaporated  till  a  precipitate  begins  to  appear,  and  then  mixed  with  alcohol. 
Arseniate  of  lead  is  precipitated  ;  100  parts  of  which  =  88  of  arsenic  add.  The 
copper  is  separated  from  the  nitric  acid,  by  boiling  it  with  potash.t 

(a.)  Ores  of  Iron, — Iron  pyrites  is  treated  repeatedly  with  boiling  nitric  add  till 
the  sulphur  is  addified.  Muriatic  acid  is  then  added,  and  the  digestion  continued 
till  the  whole  is  dissolved.  §  Muriate  of  baryta  is  added  to  precipitate  the  sulphuric 
acid..  If  the  solution  contains  only  iron,  it  is  precipitated  by  carbonate  or  soda; 
but  if  earths,  or  maxjganese  be  present,  we  must  proceed  by  the  rules  given  under 
analysis  of  earths.  When  the  oxides  of  iron  are  fi^e  from  earthy  ingredients  and 
other  metals,  they  are  analyzed  simply  by  dissolving  them  in  muriatic  add,  and  pre- 
dpitating  them  as  abovei|| 

(e.)  Ores  of  Tin. — The  presence  of  tin  in  an  ore  is  indicated  by  a  purple  pre- 
dpitate,  on  mixmg  its  solution  in  muriatic  acid,  with  one  of  gold,  in  nitro-muriatie 


*  Hydriodic  acid  is  a  most  delicate  test  of  platinum. — See  p.  872  of  this  Vol. 

t  For  exafnples  of  the  analysis  of  other  ores  of  silver,  see  Klaproth,  Vol.  i.  p. 
564  et  seq. ;  and  Bonsdorff,  in  the  Ann.  of  Phil.  N.  S.  viii.  p.  29. 

X  For  farther  information  on  the  analysis  of  copper  ores,  see  Yaoquelin's  re- 
marks in  Thomson's  Annals,  Vol.  xv.  p.  157;  Quarterly  Journal  iv.  274,  and  vix. 
100;  and  Ann.  PhU.  N.  S.  in.  81,296. 

§  If  gold  is  suspected  in  the  solution,  it  may  be  detected  by  dropping  in  asohitioii 
of  muriate  of  tin ;  when  present,  a  purple  precipitate  will  appear. 

II  For  analysis  of  phosphate  of  iron,  see  Ann.de  Chim.  et  de  Phys.  xxx.  202;  for 
that  of  arseniate  of  iron,  see  Phil.  Trans.  1801,  p.  219. 
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acM.  The  oxide,  of  tin  wm  analyzed  by  Klaproth,  as  foHowi :  One  hundred  fmrt» 
of  the  ore  were  heated  to  rednest,  with  rkx  hundred  parts  of  potaasa  in  a  silver 
crucible,  and  the  mixture  being  treated  with  warm  water,  eleven  parts  reroaionl 
undissoWed.  These  eleven,  by  a  repetition  of  the  treatment  with  potaasa,  were  re^ 
duced  to  one  part  and  a  quarter.  This  small  residuum  was  drsiolved  in  muriatic  acid. 
Zinc  precipitated  from  the  solution,  one  half  part  of  tin ;  and  the  Prussian  alkali  ga^e 
a  blue  precipitate,  which  indicated  one  fourth  part  of  iron.  The  allcalioe  solutioo 
was  saturated  with  muriatic  acid ;  a  white  precipitate  appeared,  but  it  was  rede* 
solved  by  adding  more  acid.  The  whole  was  precipitated  by  carbonate  of  ^odA. 
The  precipitate,  which  had  a  yellowish  color,  was  redissolved  in  muriatic  arid ; 
and  a  cylinder  of  zinc,  being  inserted  into  the  solution,  seventy  seven  of  tin  were 
obtained,  indicating  nearly  ninety  eight  parts  of  the  oxide  of  tin. 

(/.)  Ore»  9f  hiad  may  be  analyzed  by  solution  iu  diluted  nitric  acid.  The  sal- 
phar,  if  any,  will  reroaio  undissolved.  The  solution  is  precipitated  by  carbonale  eC 
soda.  If  silver  is  present,  it  ii  taken  up  by  pure  ammonia.  The  precipitate  \^ 
washed,  and  to  it,  is  added,  concentrated  sulphuric  acid, — applying  heat,  se  ihat  the 
nitric  acid  may  be  wholly  expelled  The  sulphate  of  lead  is  calcined,  and  weighed ; 
•very  100  parts  »=  es  lead. 

(f .)  Ort^  ^  Merewry, — Mercury  may  be  detected  in  ores  that  contain  it,  bj 
distilling  them  in  an  earthen  retort,  with  half  their  weight  of  iron  filings,  or  dry 
Une;  the  mercury  will  rise,  and  be  condensed  In  the  receiver. 

(a.)  Orta  if  Zinc  may  be  digested  with  nitric  acid,  and  the  part  that  is  dieselved 
be  boiled  to  dryness ;  again  dissolved  in  the  acid,  and  again  evaporated  to  dryness. 
By  these  means,  the  iron,  if  any  be  present,  will  be  rendered  insoluble  in  dilute 
nitric  acid,  which  will  take  up  the  oxide  of  zinc.  To  this  solution,  liquid  ammonia 
is  added,  in  excess,  which  separates  the  lead  and  iron,  if  any  has  been  difsolved ; 
the  excess  of  alkali  retaining  the  oxide  of  zinc.  This  is  precipitated  by  the  addl- 
tioQ  of  an  acid,  or  by  the  evaporation  oi  the  solvent  To  separate  zinc  from  iron 
and  manganese,  the  compound  may  be  dissolved  in  muriatic  acid ;  the  iron  thrown 
down  by  benzoate  of  ammonia,  and  the  manganese  by  the  chloride  of  lime.  The 
nrecipHate  is  red,  and  after  ignition,  six  parts  of  it  is  equivalent  to  five  of  deutox- 
Ide  01  manganefe.    The  zinc  is  finally  precipitated  by  means  of  hydrosulphuret  of 


(i)  Orei  ^  jfnltfisonyw-SQfphuret  of  antiokony  is  dissolved  in  three  or  finsr 
parte  of  munatic,  and  one  of  nitric  acid,  which  taJees  np  the  antimony  and  leaves 
the  solphur.  On  dilution  with  water,  the  oxide  of  antimony  is  precipitated,  nod  the 
iro»  and  nereury  remain  dissolved.  If  lead  ii  present,  ii  is  precipitated  by  sitf- 
pbnrlc  aoU.    The  iron  Is  thrown  down  by  aaamonia. 

(ft.)  Oru  tfAnenie  may  be  digested  with  nitro-mnriatle  acid ;  the  solutioa  evap- 
orated to  one  fourth*  and  water  added  which  precipitates  the  arsenic  The  iron  is 
aAerwarda  separated  by  ajnroonia ;  or  the  arsenic  and  sulphur  may  be  acidified^  and 
the  iron  separated  in  tiie  state  of  a  peroxide ;  the  arsenic  and  sulphuric  adds,  both 
thrown  down  by  baryta,  and  the  arseniate  of  bar}  ta  s^arated  from  the  sulpbale. 
by  means  ef  nitrie  acid. 

{I)  Ore»  of  Bismuth  are  digested  in  nitric  acid,  Moderately  diluted.  The  addi- 
tion of  water,  precipitates  the  oxide,  as  a  sub-nitrate ;  but  if  net  whoUy  separated  at 
firet,  the  solution  is  evaporated,  after  which,  a  further  addition  of  water  separatees 
the  remainder. 

(hi.)  Ort9  of  Cobalt. — ^Cobalt  is  detected,  if  the  solution  of  an  ore  in  muriatic 
aoid«  give  a  syai|>athetie  ink.  To  analyze  an  ore  of  tliis  metal,  we  dissolve  it  in  nltro- 
muriatic  acid,  and  then  add  carbonate  of  potassa,  which,  at  6r8t,  separates  iron  and 
arsenic.  The  solution  is  filtered,  and  a  farther  quantity  of  the  earbonate  is  added ; 
when  a  grayish  red  precipitate  will  fall,  which  is  oxide  of  cobalt.  The  iron  and 
arsenic  are  separated  by  heat,  which  volatilizes  the  arsenic. 

(ft.)  Oref  of  J>nektl  are  dissolved  in  nitric  acid,  and  to  the  solution  is  added  am- 
monia in  large  excess,  which  precipitates  most  other  metals,  while  it  retains  tlN» 
oxide  of  nickel  in  solution.  The  nickel  is  obtained  by  evaporating  the  supernatant 
liquid  to  dryness,  and  heating  the  dry  mass  till  the  nitrate  of  ammonia  is  su<>limed. 

(o.)  Ort9  of  manganese. — The  earths,  and  several  of  the  metals  contained  in 
these  ores,  may  first  be  separated  by  diluted  nitric  acid,  which  does  not  act  on 
highly  oxidized  manganese.  The  ore  may  afterwards  be  digested  with  strong  mo- 
Hatic  acid,  which  wiD  take  up  the  oxide  of  mang'.me9e.  C^lopine  gas  wfll  ariM*. 
if  a  gentle  heat  be  applied,  and  may  be  known  by  itn  peculiar  smell.    From  mnri- 
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atic  acid  the  manganese  is  precipitated  by  carbonate  of  soda,  in  tbe  form  of  a  white 
carbonate,  which  becomes  black  per-oxide,  when  heated  in  a  crucible.  When  iron 
is  present,  it  may  be  separated  according  to  the  rules  given  under  analysis  of  earths.* 

ANALYSIS  or    IlfrLAlfMABIiE   MIlfSltAI.S. 

It  is  seldom  necessary  to  perform  exact  analysoF  of  the  minerals  included  withfia 
the  present  class ;  a  few  general  i  ules,  therefore,  for  determining  the  quality  of  the 
different  kinds  of  coal,  and  of  sulphur,  is  aU  that  is  requisite  to  aod,  in  order  to  com- 
plete the  present  subject. 

(a.)  ;9ii(pAur.— Sulphur  should  be  entirely  voIaliUzed  by  distillation  in  a  glass  re- 
tort. If  any  thing  remain  fixed,  it  must  be  considered  as  an  impurity,  and  may  be 
examined  by  the  rules  given  under  the  preceding  divisions.  Sulphur,  also,  should 
be  wholly  dissolved,  by  boiling  with  solution  of  pure  potassa,  and  may,  in  this  man- 
ner, be  separated  from  its  impurities.  Oxide  of  iron,  silica,  and  many  other  impuri- 
ties, are  conveniently  detected  in  sulphur,  by  projecting  it  into  a  red-hot  crucible : 
the  sulphur  burns  o£J,  and  leaves  the  contaminating  substances  behind. 

(6.)  Coals. — ^The  proportion  of  bituminous  matter  in  coal,  may  be  learned,  by  dis- 
tilling a  known  quantity,  at  a  heat  below  redness,  in  an  earthen  retort,  and  o<Alect- 
ing  the  condensible  fluids.  Tbe  earthy,  or  metallic  impurities,  are  determined,  by 
burning  the  coal,  with  access  of  air,  on  a  red-hot  iron ;  they  remain  behind,  and  may 
be  examined  by  the  rules,  laid  down  in  the  fore^ing  pages.  The  proportion  of  car- 
bon may  be  ascertained,  by  observing  the  quantity  oi  nitrate  of  potassa,  which  a  giv- 
en weight  of  the  coal  is  capable  of  decomposing.  For  this  purpose,  500  grains  or 
more,  of  perfectly  pure  nitre,  are  melted  in  a  crucible,  and,  when  red-hot,  the  coal 
to  be  examined,  reduced  to  a  coarse  powder,  is  projected  on  the  nitre,  by  small  por- 
tions at  once,  not  exceeding  one  or  two  grains;  The  proportion  of  carbon  in  the  coal, 
is  directly  proportionate  to  the  quantity,  required  to  alkalize  the  nitre.  Thus,  since 
12.709  of  carbon,  are  required  to  alkalize  100  of  nitre,  it  will  be  easy  to  deduce  the 
quantity  of  carbon,  in  a  given  weight  of  coal,  from  the  quantity  of  coal  which  it  is 
capable  of  decomposing.! 

*  For  analyas  of  the  following  ores,  Ae  reader  is  referred  to  the  works  noted 
in  connexion  with  their  names. 

Ores  nf  UWmttim.— Ann.  of  Phil,  t,  281.^-do.  N.  8.  iii,  M;  and  v,  57. 

Orn  of  7\mgstcfi.— Klapioth's  Analytical  Essays;  D'flhuyarC,  Menoiretfde 
I'acad.  de  Toulouse,  ii ;  Vauquelin,  Joum.  des  Mines,  No.  xix ;  and  Ann.  d«  Ch.  •( 
de  Ph.  XXX,  194. 

Orn  of  .Mo/y&dentiin.— Phil.  Trans.  1796;  and  Klaproth,  Vol.  i,  p.  584,  588. 

Ortt  of  T^animn.— Jour,  de  Physique,  xxxix,  72, 152;  Klaproth,  i,  496;  and 
Nicholson's  Journal,  v,  182. 

Rose  separates  titanic  acid  from  iron,  in  the  following  manner: — A  solution  of 
titanic  add  and  iron,  being  obtained  in  muriatic  acid,  if  tartaric  acid  be  added  to  it, 
and  the  whole  be  diluted  with  water,  then,  a  great  excess  of  caustic  ammonia  may  be 
added,  without  the  smallest  precipitate  of  titanic  acid,  or  oxide  of  iron,  being  produ* 
ced.  If  to  this  solution,  hydro-sulphuret  of  ammonia  be  added,  it  exerts  no  action  on 
the  titanic  acid,  but  changes  all  the  oxide  of  iron  into  sulphuret,  which  separates 
perfectly.  This  precipitate  is  to  be  tarefully  washed  with  water,  containing  a  few 
drops  of  hydro-sulphuret  of  ammonia,  until  all  the  tartrate  Is  removed:  it  is  wen  to 
be  dissolved  in  muriatic  acid,  heated,  to  drive  off  the  sulphuretted  hydrogen,  treated 
with  nitric  add,  to  per-axidize  the  iron,  and  then  predpitated  by  ammonia.  In  tliis 
way,  the  iron  is  procured.  The  titanic  acid  may  be  separated  ut>m  the  solution  (if 
it  contains  no  fixed  parts)  by  evaporating  to  dryness,  and  heating  red  hot,  in  con- 
tact with  air,  until  all  that  is  volatile  is  dinipated,  and  the  charcoal  is  burnt  off.  This 
is  best  done  in  a  small  platina  cruciMe,  in  a  muffle ;  titanic  add  remains. 

Oru  of  7Vi/urttfm.—Klaproth,  ii,  L 

OrtM  of  Cftroimtim. — Ann.  de  Ohim.  xxv. 

OrtB  if  CoJiimftnini.— Phil.  Trans.  1802;  Ann.  de  Chim.  xjuiii,  276. 

OrcB  of  Palladium  and  Bhodium.—Vhll  Trans.  1805,1809  and  1829;  Quart. 
Jour.  XII ;  and  Berzelius  in  Ann.de  Ch.  et  de  Ph.  xi,. 

Oris  of  Iridium  aind  Osimum. — Phil.  Trans.  1804;  Quart.  Jour,  xii,  247;  and 
Berzelius  in  Ann.  de  Ch.  et  de  Ph.  xi.. 

Ores  qf  Ceruiiit.— »Niehoi80n*s  Jour.  8vo.  xix. 

\  A  more  accurate  method  of  analyzing  the  different  varieties  of  coal,  is  by  igni- 
tisn  with  per-oxide  of  copper.    (See  Ann.  Ph.  Vol.  xvi.) 
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COUIECTZOH   or    ANALYSIS,  BY   MBAJTS   OF  THE    ATOMIC    THEORY. 

It  may  now  be  considered  as  fully  established,  that  the  coostitaents  of  simple  min- 
erals are  in  true  atomic  proportions.  Hence,  the  chemist  is  at  once  furnished  with 
an  easy,  and  almost  infallible  test  of  the  accuracy  of  his  analyses  of  these  compounds, 
bk  the  coincidence  of  their  resulu,  with  the  atomic  weights  of  the  several  confldiii- 
ents.  The  method  of  calculating  the  results  of  a  mineral  analysis,  on  the  atomic 
theory,  is  best  illustrated  by  a  few  examples. 
1.  Taking  the  analysis  of  the  Deweylite,*  in  which  we  have  found, 

SiUca,        ...        40 

Magnesia,  40 

Water,      ...        20 


100 
Here,  a  certain  numberof  atoms  of  silica,  lime,  and  water,  whose  weights  respect- 
ive! v  are  40, 40,  and  20,  are  combined  together.  If  we  divide  the  weight  of  each  in- 
gredient by  the  number  representmg  its  atomic  weight,  we  shall  find  its  relattve 
number  of  atoms  tn  the  compound.  The  atom  of  silica  (as  a  reference  to  the  tafalt 
of  atomic  weighU  will  show)  s=16,  that  of  magnesia  s=20,  and  that  of  water  =9. 

Atomg. 
^^^=250^    6    of  silica. 


I  a 
4  soo 


=  200  =    4    of  magnesia. 


a  0 
iAli=222s    4    of  water. 

To  obtdn  the  sum  of  all  the  atoms, 

6  X  16  =  80 
4  X  20  =  80 
4  X    9  =  36 

196. 
To  find  its  theoretical  composition,  therefore,  we  have'only  to  employ  the  rule  of 
sbnple  proportion ;  thus, 

as  196  :  80  : :  100  :  or,  and  x  =  40.81 ;  and  so  with  the  other  atoms. 
The  eompodtkNi  of  the  mineral,  as  inferred  from  analysis,  and  from  theory,  wiD 
•tand  as  followi. 

Experiment,  Theory. 

Silica,  40.00  40.81 

Magnesia,  40.00  40.81 

Water,  20.00  18.86 


100.00  99.96. 

From  which  it  is  seen,  that  the  results  of  experiment  accord  very  nearly  with 
those  derived  from  the  doctrine  of  definite  proportions. 
2.  Taking  an  analysis  of  zoisite,  in  which  were  found. 
Silica,  .  43.00 

Alumina,  33.00 

Lime,  24.00 


100.00. 
The  atom  of  alumina  =  18,  and  that  of  lime  =s  28. 

Jitom$. 
iJLli:=a68=:    3    ofsiUca. 

Ilii  =  i83=    2    of  alumina. 

iAi^=    85=    1    ofUme. 


*  American  Journal  of  Science  and  Arts,  Vol.  xtiii,  p.  82. 
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The  sum  of  the  atoms,  therefore,  =  110 ;  and  the  composition  of  zoisite,  by  ex- 
periment and  calculation,  stands  thus : 

Experiment.  Theory. 

Silica,  .  43.00  4S.63 

Alumina,         .  33.00  80.90 

Lime,  .  24.00  25.45 


100.00.  99.98. 

d.  Let  us  take  Mr.  Hatchett's  analysis  of  iron  pyrites,  in  which  he  found. 
Iron,  ....        47.85 

Sulphur,     ....        52.15 


100.00. 
The  atom  of  iron  =  28 ;  that  of  sulphur  =  16. 

jitoms, 
il±l  =  nO=    1    of  iron. 


a  8 

g  «  1  3 


:  825  =    2    of  sulphur. 


I  0 

The  sum  of  the  atoms,  therefore,  s(K);  and  the  composition,  by  experiment  and 
theory  stands  thus :  Experiment,  Theory. 

Iron,  .  47.85  46.66 

Sulphur,    .  62.15  .        63.33 

100.00.  99.99. 

The  mode  in  which  the  elements  of  a  mineral  are  combined,  is  an  after  considera- 
tion; and  must  be  regarded  as  only  conjectural  :  though,  in  a  great  multitude  of 
■  '  '  of  thii         ' '      ' 


s,  we  are  left  to  entertain  no  reasonable  doubt  of  the  nature  of  this  combination. 
Thus,  in  the  instance  of  sulphuret  of  iron,  just  given,  we  may  be  confident  that  the 
compound  is  a  bi-sulphuret  of  iron,  consisting  of  2  atoms  of  sulphur,  and  1  atom  of 
iron ;  for,  by  the  table  of  equivalents,  we  find  that  60  is  the  atomic  weight  of  the  bi- 
sulphuret  of  iron;  and  we  discover  that  32  (the  sulphur  in  the  bi-sulphuret  of  iron) 
:  28  (the  iron  in  the  same)  : :  68.88  (the  sulphur  in  the  pyrites)  :  46.66  (the  iron  in 
the  same.) 

II.  ANALYSIS  OF  MINERAL  WATERS. 

Those  waters  which  contain  so  much  foreign  matter  as  to  have  a  sensible  taste, 
and  a  decided  action  on  the  animal  economy  are  called  mineral  waters.  Their  tem- 
perature varies  from  that  of  the  atmosphere  to  nearly  212^  F. ;  and  according  as  it  is 
higher  or  lower,  they  have  received  the  denomination  of  thermal,  or  cold,  springs. 
The  substances  they  contain  are  very  numerous.  Among  the  most  common,  are,  car- 
bonic acid;  sulphuretted  hydrogen ;  carbonates,  sulphates,  and  muriates  of  soda, 
lime  and  magnesia ;  and  carbonate  and  sulphate  of  iron.  Those  of  more  rare  oc- 
currence, are  oxygen  and  nitrogen  gases,  sulphate  of  alumina,  muriate  of  mangan- 
ese, silica,  boracic,  hydrlodic,  hydro-Dromic  and  fluoric  acids,  lithia,  strontia,  soda 
and  potassa.  From  the  predominance  of  a  few  of  these  ingredients,  mineral  waters 
are  often  characterized ;  thus,  those  which  abound  in  carbonic  acid,  are  termed  car- 
bonated waters, — ^those  which  contain  sulphuretted  hydrogen,  stUphureoua  waters, — 
those  in  which  iron  is  a  predominate  ingredient,  chalybeate  waters, — and  finally 
those  in  which  seyeral  neutral  salts  are  dissolved,  saline  waters. 

P&SLIMIirA&IES   IN   THX   EZAMINATIOIT  OF   MINXRAL   WATSRS. 

The  topography  of  the  place  where  the  water  to  be  examined  occurs,  is  the  first 
thing  that  requires  attention.  Particular  regard  should  be  paid  to  the  nature  of  the 
strata  or  soils  through  wliich  they  ooze,  since  from  this  source  a  tolerably  correct 
opinion  may  often  be  formed  of  their  contents.  The  sensible  properties  of  waters 
next  deserve  attention.  The  temperature,  as  determined  bv  the  thermometer,  is  to 
be  ascertained.  The  appearance  of  the  water  immediately  on  being  raised  from 
the  spring,  as  well  as  after  it  has  been  suffered  to  stand  for  some  time,  aflbrds  sever- 
al indications  from  which  important  inferences  may  be  deduced.  If  the  water  be 
turbid  at  first,  the  substances  are  suspended  only,  and  not  dissolved  ;  but  if  the  water 
be  clear  and  transparent  at  the  well,  and  some  time  intervenes  before  it  becomes 
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turbid,  the  conUnIi  are  dimolyed  by  means  of  carbonic  acid ;  the  preience  of  whicb, 
10  also  indicated  by  f mail  bubbles  that  rise  from  the  bottom  of  the  well,  and  bunt  in 
the  air,  on  arriving  at  the  surface.  But  the  most  evident  proof  of  a  spring  cootiiii- 
ing  carbonic  acid,  is  the  generation  of  bubbles  on  the  water  being  shaken,  and  their 
bursting  with  more  or  less  noise,  while  the  air  is  makins  its  escape.  The  sediment 
deposited  bv  the  water  is  likewise  to  be  examined.  If  it  be  yellow,  it  indicates  the 
presence  ot  Iron ;  if  black,  that  of  iron  combine  dwith  sulphur.  The  odor  of  waters 
Is  important  in  discovering  the  presence  of  sulphuretted  hydrogen  in  them:  such  ai 
contain  this  substance  have  the  peculiar  fetid  smell  belonging  to  this  gas.  The  taste 
of  a  spring  aflbrds  useful  indications  with  respect  to  its  contents.  Specific  grav- 
ity is  less  important  in  judging  of  the  contents  of  mineral  waters,  though  it  should 
not  always  be  overlooked. 

The  examination  of  waters,  by  the  application  of  a  few  rea^^nts,  enables  ustodisoov- 
er  the  substances  they  contain;  but  to  determine  the  proportioos  and  manner  in  which 
they  are  combined,  requires  a  complete  analysb.  The  former,  of  these  objects,  is 
oHen  all  that  is  sought,  in  relation  to  the  mineral  waters;  and  when  the  latter  ii 
aimed  at,  it  can  be  effected  only,  by  first  ascertaining  all  the  ingredients  that  are 
present.  In  making  these  preliminary  experiments,  the  water  employed,  shoald, 
in  general,  be  taken  fresh  from  the  spring,  or  should  have  been  preserved  from  the 
air  In  sealed  bottles.  Occasionally,  however,  it  needs  to  undergo  an  exposure  to  the 
air,  for  the  space  of  a  few  hours ;  and  when  the  saline  ingredients  are  not  abun- 
dant,  it  sometimes  requires  to  be  considerably  evaporated.  The  substances  detect- 
ed by  testing,  are : 

(a.)  Carbonic  add. — When  this  is  not  combined  with  any  base,  or  not  with  saf- 
fident  to  neutralize  it,  the  addition  of  lime  or  barytic  water,  in  excess,  will  throw 
down  a  precipitate,  soluble  with  effervescence  in  muriatic  acid,  it  reddens  litmoi 
faintly,  when  fresh,  but  loses  this  property  after  boiling,  or  long  exposure  to  the  air; 
and,  if  litmus  has  been  reddened  by  it,  the  color  is  disdiarged  by  tailing. 

(6)  Mineral  acid$,  when  present,  uncombined,  in  water,  redden  litmus  perma- 
nently,  even  though  the  water  has  been  boiled. 

(c.)  l^uJphuretted  hydrogen  exhales  its  peculiar  odor,  blackens  pu»er  moisteoed 
by  solution  of  lead  or  bismuth,  and  precipitates  the  nitrate  of  silver  buck  or  brown; 
but  it  loses  these  properties  by  being  boiled. 

(d.)  Hydro'BtupkureU  with  excess  of  gas,  is  attended  with  the  same  smell  as  sul- 
phuretted  hydrogen,  but  weaker;  it  also  precipitates  solutions  of  lead  and  silver 
black ;  but  heat  does  not  destroy  either  of  these  properties. 

(e.)  Alkalie$  and  alkaline,  and  earthy  carbonates  are  distinguished  by  (be  Ibl- 
lowing  tests. — ^The  infusion  of  turmeric,  or  paper  stained  with  turmeric,  is  rendered 
brown  by  alkalies,  or  reddish  brown,  if  the  quantity  be  minute.  Paper  stained 
with  the  infusion  of  Brazil  wood,  is  rendered  blue ;  but  this  change  b  produ- 
ced also  by  the  alkaline  and  earthy  carbonates.  Litmus  paper,  reddened  by  vin- 
egar, is  restored  to  its  original  blue  color;  a  change  u  produced  by  the  alkaline  and 
earthy  carbonates  also,  when  these  chan^^es  are  fugacious,  we  may  conclude  that 
the  alkali  is  ammonia.  Fixed  alkalies  exist  in  waters  that  occasion  a  precipitate 
with  muriate  of  magnesia  after  being  boiled.  The  volatile  alkali  may  be  dlstineuisfa- 
ed  by  the  smell,  or  by  white  fumes  with  muriatic  acid ;  or  it  may  be  obtained  in  a 
receiver,  by  distilling  a  portion  of  the  water  gently,  and  then  it  may  be  distin- 
guished by  the  above  tests.  Earthy  (as  well  as  metallic)  carbonates  are  precipi- 
Uted  by  boiling  the  water  containing. them;  except  the  carbonate  of  magnesia, 
which  is  precipitated  but  imperfectly. 

(/.)  Iron. — Tincture  of  galls  imparts,  to  water  containmg  litm,  a  purple  or  black 
color.  If  the  tincture  have  no  efifecl  on  water  after  boiling,  though  it  oolen  it  be- 
fore, the  iron  is  hi  the  state  of  a  carbonate.  When  the  iron  is  a  little  oxidized, 
th«  presence  of  lime,  facilitates  the  application  of  this  test ;  bat  when  on  the 
contrary,  fhe  iron  is  ranch  oxidized,  lime  prevents  the  ordinary  action  of  the  teA 
Ferro-cyanate  of  potaasa  occasions  a  blue  precipitate  in  water  containing  iron.  Ii 
an  alkalt  be  present,  however,  the  blue  precipitate  does  not  appear,  unless  the  al- 
kali is  fint  saturated  with  an  add. 

(g.)  Copper, — ^Ammonia  gives  to  water,  containins  any  of  the  salts  of  copper,  a 
blue  tinge ;  and  if  the  solution  is  strong,  a  plate  of  clean  iron,  immersed  in  ffieiD, 
comes  out  covered  with  a  thin  coat  of  copper. 

(h.)  Sulphuric  add  exists  in  waters  that  form  a  precipitate,  with  the  folbwing 
solutions  :^mttriate,  nitrate,  or  acetate  of  baryta,  strontia,  or  Hne,  or  nitrate  or  ace- 
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tate  or  lead.  Of  these,  the  meet  powerful  by  far,  is  muriate  of  baryta,  which  should 
be  applied  with  the  following  precautions :  the  muriate  must  be  diluted ;  the  alka- 
lies, or  alkaline  carbonates,  if  the  water  contain  any,  must  be  previously  saturated 
with  muriatic  acid ;  the  precipitate  must  be  insoluble  in  muriatic  acid ;  if  boradc 
acid  be  suspected,  muriate  of  strontia  must  be  tried,  which  is  not  precipitated  by  bo- 
racic  acid.  The  hyro-sulphurets  precipitate  barytic  solutions,  but  their  presence  is 
easily  discovered  by  the  smell. 

(i.)  MuriaHe  acid  is  detected  by  nitrate  of  silver,  which  occasions  a  cloud  or  a 
white  precipitate.  To  render  this  test  certain,  the  alkalies,  or  carbonates,  must  be 
first  saturated  with  nitric  acid  ;  and  sulphuric  acid,  if  present,  must  be  previously 
removed  by  means  of  nitrate  of  baryta.  The  precipitate  must  be  insoluble  in  nitric 
acid. 

(J.)  Hydriodic  add  [is  detected,  by  adding  to  the  water,  rendered  dense  by  evap- 
oration, in  the  first  place,  a  solution  of  starch,  and  then  a  few  drops  of  sulphuric  acid  ; 
the  starch  assumes  a  deep  blue  color.  Solution  of  muriate  of  platinum  causes  a  deep 
brownish  red  color,  and,  in  a  few  hours,  the  liquid  is  covered  by  a  metallic  film.* 

(Ae.)  Hydrthltroniic  acid  is  detected  in  mineral  waters,  by  passing^  a  current  of  chlo- 
rine gas  through  the  water,  first  rendered  dense  by  evaporation :  it  assumes  a  deep 
orange  yellow  color,  and  by  adding  to  it  pure  sulphuric  ether,  and  agitating  the  flu- 
ids together,  the  yellow  color  disappears  from  the  aqueous  solution,  and  rises  in  the 
ether  to  the  top  of  the  fluid,  whicn  it  colors  of  a  rich,  reddish  brown  color. 

{I.)  JVUrie  add  is  detected,  by  adding  sulphuric  acid  td  a  portion  of  the  water  in 
which  it  exists,  in  quantity  abundantly  sufficient  to  decompose  all  the  salts  subject 
to  its  action,  and  boiling  such  acidulated  water  in  a  Florence  flask,  with  a  leai  of 
gold,  for  half  an  hour,  or  an  hour :  the  gold  will,  either  in  part,  or  wholly,  disappear; 
and  the  solution  obtained,  will  give,  on  the  addition  of  proto-muriate  of  tin,  a  deep 
purple  tint ;  also,  by  adding  to  a  portion  of  the  water  a  solution  of  potassa,  till  no  fiir- 
ther  precipitate  falls  down,  and  Uien  filtering  and  evaporating  the  supernatant  li- 
quid ;  a  residuum  will  be  obtained,  which  scintillates  when  thrown  on  burning 
coals. 

(fn.)  Boradc  add  is  detected,  by  means  of  acetate  of  lead,  with  which  it  forms  a 
precipitate,  insoluble  in  acetic  acid.  But,  to  render  this  test  certain,  the  alkalies  and 
earths  must  be  previously  saturated  with  acetic  acid,  and  the  sulphuric  and  muriatic 
adds  removed,  by  means  of  aeetate  of  strontia  and  acetate  of  silver. 

(n.)  Baryta  is  known  by  the  insoluble  white  precipitate,  which  it  forms  with  di- 
luted sulphuric  acid. 

(p.)  Lime  is  detected  by  means  of  oxalic  acid,  which  occasions  a  precipitate  in  wa- 
ter, containing  a  very  minute  proportion  of  this  earth.  To  render  the  test  decisive, 
however,  the  mineral  acids,  if  any  be  present,  must  be  previously  saturated  with  an 
alkali;  and  baryta,  if  any  be  present,  must  be  removed  by  means  of  sulphuric  acid. 
Oxalic  add  predpitates  magnesia,  but  very  slowly,  whereas  it  precipitate.*  lime  in- 
stantly. 

(p.)  Lithia  is  detected  in  mineral  waters,  in  the  following  manner: — into  the 
mineral  water,  pour  a  solution  of  phosphate  of  soda,  evaporate  to  dryness,  and  re- 
diasolve  all  that  is  soluble  by  cold  water.  Lithia,  if  present,  is  left  in  the  state  of  an 
insoluble  phosphate  of  lithia  and  soda. 

(q.)  Magnesia  and  alumina. — The  presence  of  these  earths  is  ascertained  by  the 
following  tests  :-^ammonia  precipitates  them  both,  provided  the  carbonic  acid  has 
been  prevfously  separated  by  a  fixed  alkali,  and  boiling.  Lime  water  precipitates 
only  Uiese  two  earths,  provided  the  carbonic  acid  be  previously  jemoved,  and  the 
sulphuric  add  also,  by  means  of  nitrate  of  baryta.  The  alumina  may  be  separated 
from  the  magnesia,  after  both  have  been  precipitated  together,  either  by  boiling  the 
predpitate  in  potassa,  which  dissolves  the  alumina,  and  leaves  the  magnesia;  or  the 

*  M.  Ballard's  mode  of  testing  for  iodine. — After  having  mixed  the  liquid  contain- 
ing the  iodine,  with  the  starch  and  the  sulphuric  acid,  a  small  quantity  of  aqueous 
solution  of  chlorine  is  to  be  added,  which,  from  its  lightness,  may  be  made  not  to 
mix  with  the  mixture,  but  float  on  the  surface ;  at  the  place,  where  they  touch,  a 
blue  zone  will  be  perceived,  which,  however  feeble  it  may  be,  is  readily  seenhy 
contrast  with  the  neighboring  limpid  liquids;  if  a  part  of  the  mixture  be  s)ightiy 
agitated,  the  blue  color  will  be  developed  when  the  two  solutions  are  in  cont-irt ; 
but  if  the  whole  be  mi:sed,  it  will  entirely  dii^appear,  if  the  chlorine  be  in  excess. 
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precipitate  may  be  dlnaolved  in  muriatic  acid,  precipitated  by  an  alkaline  carboaate, 
dried  in  the  temperature  of  100^,  and  then  expoaed  to  the  action  of  diloted  muriatie 
acid,  which  dissolves  the  magnesia,  without  touching  the  alumina. 

(r.)  Silica,  may  be  ascertained,  by  evaporating  a  portion  of  water  to  dryness,  and 
redissolving  the  precipitate  in  muriatic  acid :  the  silica  will  remain  behind  oa* 
touched. 

By  these  means,  the  substances  found  in  mineral  waters,  may  be  detected ;  bot  m 
they  are  generally  combined,  so  as  to  form  salts,  it  remains  to  point  oat  the  metbodi 
for  discovering  what  these  combinations  are. 

1.  Sulphates. — When  we  have  detected  sulphuric  acid,  combined,  and  one  base  or 
more.  In  a  water,  the  next  step  is  to  ascertain  the  species  of  the  sulphate.  Tlie  Dum- 
ber of  sulphates,  hitherto  observed  in  water,  is  seven ;  but  as  one  of  these,  suiphato 
of  copper,  is  never  found,  except  in  the  vicinity  of  copper  mines,  it  may  be  left  oo( 
of  the  question,  in  our  ordinary  researches. 

Sulphate  of  soda,  or  sulphate  of  potassa,  may  be  detected  by  the  following  meth- 
od : — To  free  the  water  of  all  earthy  sulphates,  it  is  evaporated  to  one  half,  and 
Hme  water  added  as  long  as  any  precipitate  appears.  The  only  remaining  earthy 
sulphate  will  be  sulphate  of  lime,  which  is  separated  by  evaporatinz  the  liquid  tiU 
H  becomes  concentrated,  and  then  dropping  into  it  a  little  alcohol,  and  after  filtratioa, 
adding  oxalic  acid  in  small  quantities.  Wiw  the  water,  thus  purified,  u  mingled  a  so- 
lution of  lime.  If  a  precipitate  appear,  either  immediately,  or  on  the  addition  of  a  little 
alcohol ,  it  is  a  proof  that  su  Iphate  of  potassa,  or  of  soda,  is  present  Which  of  the  two, 
may  be  determined  by  mixing  some  of  the  purified  water  considerably  reduced  la  ' 
bulk,  by  evaporation,  with  a  solution  of  muriate  of  platinum.  If  the  alkali  be  potaaa, 
m  yellow  precipitate  will  fall ;  but  none  will  appear  if  the  alkali  be  soda. 

Sulphate  of  lime  may  be  detected  by  evaporating  a  quart  of  the  water,  suspected 
to  contain  it,  to  a  few  ounces.  A  precipitate  appears,  which  if  it  be  sulphate oflime, 
is  soluble  in  600  parts  of  water ;  and  the  solution  aA>rd8  a  precipitate  with  the  ma- 
riate  of  baryta,  oxalic  acid,  carbonate  of  magnesia  and  alcohol. 

Alum  may  be  detected  by  mixing  carbonate  of  lime  with  the  water  in  which  it 
exists;  if  a  precipitate  appear,  it  indicates  the  presence  of  alum,  or  at  least  of  ral* 
pbate  of  alumina ;  provided  the  water  contains  no  muriate  of  baryta  or  metallic  sul- 
phates. The  first  is  incompatible  with  alum,  the  second  may  be  removed  by  the 
alkaline  prussiates.  When  a  precipitate  is  produced  in  water  by  muriate  of  lime, 
carbonate  of  lime,  and  muriate  of  magnesia,  we  may  conclude  that  it  contains  alom 
or  sulphate  of  alumina. 

Sulphate  of  magnesia  may  be  known  by  the  following  tests ; — ^a  solatkm  of  car- 
bonate of  ammonia  (prepared  with  a  portion  of  that  salt  which  has  been  exposed)  is 
added  to  the  water,  much  reduced  by  evaporation ;  after  which  phosphate  of  soda  is 
added,  which  will  throw  down  a  precipitate  of  the  ammoniaco-magnesian  phosphate. 
A  neat  mode  of  applying  this  test  was  practiced  by  Dr.  WoUaston,  its  inventor,  as 
fellows :— upon  a  piece  of  glass,  the  clear  solution  containing  magnesia  is  spread  so  as 
to  form  a  thin  film,  to  which  are  added  a  few  drops  of  carbonate  of  ammonia,  and  phos- 
phate of  soda  in  succession :  the  word  magnesia,  or  any  other,  is  then  traced  upcmdie 
glass  so  covered,  with  the  end  of  a  glass  rod.  The  word  which  is  traced  will  ap- 
pear in  white  characters.  Objections  have  been  made  to  these  tests  however,  by 
Mr.  R.  Phillips,  on  the  ground  of  the  presence  of  carbonate  of  lime  in  all  sesqui* 
carbonate  of  ammonia,  which  may  cause  in  the  addition  of  phosphate  of  soda,  a  pre- 
cipitate of  phosphate  of  lime  as  well  as  one  of  the  ammoniaco-magnesian  phosphate. 
Hence  the  original  test,  made  use  of  by  Kirwao,  is  perhaps  to  be  prefecred.  Hydro- 
sulphuret  of  strontia  added  to  a  water  containing  sulphate  of  magnesia  occasions  an 
immediate  precipitate  with  this  salt  and  with  no  other,  provided  the  water  be  previ- 
ously deprived  of  alum,  if  any  be  prefient,  by  means  of  carbonate  of  lime,  and  pro- 
vided, also,  that  it  contain  no  uncombined  acid. 

Sulphate  of  iron  is  inferred,  if  a  solution  of  nut-galls  or  of  ferro-cyanate  of  potasn, 
continue  to  produce  their  usual  ferruginous  reaction  after  the  water  has  been  boikd 
and  filtered. 

2.  ^iirto^es. — ^The  most  common  by  far  is  muriate  of  soda,  which,  when  ^^  ■  ^^ 
accompanied  by  a  great  variety  of  substances,  may  be  very  conveniently  detected 
by  crystallization.  For  this  purpose  a  portion  of  the  water  is  evaporated  by  a 
very  gentle  heat,  not  exceeding  80^  or  90^.  As  soon  as  a  pelMde  appears  m  the 
solution,  it  may  be  removed,  and  cautiously  dried  on  bibulous  paper,  and  exam- 
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ined  with  a  magnifier :  the  cubical  form  of  the  crystal  belonging  to  this  salt  will  gene- 
rally be  discoverable.  When  numerous  salts,  however,  are  contained  in  the  same  so- 
lution, it  may  sometimes  be  difficult  to  detect  its  presence  in  this  way.  In  such  ca- 
ses, the  combined  muriatic  acid  must  be  sought  for  by  a  solution  of  nitrate  of  silver, 
taking  ca^  to  add  in  the  first  place  a  few  drops  of  nitrate  of  baryta,  and  allowing  the 
precipitate  to  subside  :*  if  now,  on  the  addition  of  the  solution  of  sliver  a  precipitate 
take  place,  a  muriate  may  be  inferred  with  certainty ,r-but  whether  it  be  of  soda» 
potassa,  lime,  or  magnesia,  or  of  several  of  these,  is  not  certain. 

Separate  tests  must  be  applied  for  these ;  and  the  alkalies,  when  present,  may  be 
distinguished  from  each  other,  by  the  peculiar  salts  which  they  form  with  the  dif- 
ferent acids.  With  tartaric  acid,  soda  forms  a  soluble  salt ;  while  with  potassa,  an 
acidulous  tartrate  is  formed^  of  comparatively  sparing  solubility.  Muriate  of  plati- 
num ailbrds  a  still  more  delicate  test,  as  has  been  noticed  above. 

Muriate  of  baryta  may  be  detected  by  sulphuric  acid,  as  it  is  the  only  barytic  salt 
hitherto  found  in  water. 

Muriate  of  lime  may  be  detected  by  the  following  method :— Free  the  water  from 
sulphate  of  lime,  and  other  sulphates,  by  evaporating  it  from  a  considerable  bulk  to 
a  few  ounces,  mixing  it  with  alcohol,  and  adding  last  of  all  nitrate  of  baryta,  as  long 
as  any  precipitate  occurs.  Filter  the  water ;  evaporate  to  dryness ;  treat  the  dry 
mass  with  alcohol ;  evaporate  the  alcohol  to  dryness,  and  dissolve  the  residuum  in 
water.  If  this  solution  give  a  precipitate  with  acetate  of  silver  and  oxalic  acid,  it 
may  contain  muriate  of  Time.  It  must  in  that  case,  contain  it  if  after  beine  treated 
with  carbonate  of  lime,  it  give  no  precipitate  wiUi  ammonia.  If  the  liquid  in  the 
receiver  give  a  precipitate  with  nitrate  of  silver,  muriate  of  lime  existed  in  the 
water. 

Muriate  of  magnesia  may  be  detected  by  separating  all  the  sulphuric  acidi 
by  nitrate  of  baryta.  The  clear  fluid,  separated  from  the  precipitate,  is  evapo- 
rated to  dryness,  and  the  residuum  treated  with  alcohol.  The  alcoholic  solution  is 
then  evaporated  in  turn,  and  the  dry  residue  dissolved  in  water.  The  muriate  of 
magnesia,  if  the  water  contained  any,  will  be  found  in  this  solution.  Let  us  sup- 
pose, that  by  the  tests  formerly  mentioned,  the  presence  of  muriatic  acid,  and  of 
magnesia,  in  this  solution,  has  been  ascertained.  In  that  case,  if  carbonate  of  lime 
afibrd  no  precipitate,  and  if  sulphuric  acid  and  evaporation,  together  with  the  addi*> 
tion  of  a  Httle  idcohol,  occasion  no  precipitate,  the  solution  contains  only  muriate  of 
magnesia.  If  these  tests  give  precipitates,  we  must  separate  the  lime  which  is  pre- 
sent, by  sulphuric  acid  and  alcohol,  and  distil  off  the  acid  with  which  it  was  com- 
bined. Then  the  magnesia  is  to  be  separated  by  the  oxalic  acid  and  alcohol,  and 
the  acid  witii  which  it  was  united  is  to  be  distilled  off.  If  the  liquid  in  the  retort 
l^ve  a  precipitate  with  nitrate  of  silver,  the  water  contains  muriate  of  magneria* 

8.  JVUrates. — ^These  seldom  occur  in  waters.  When  they  do,  they  may  be  de- 
tected in  the  following  manner :— Alkaline  nitrates  may  be  discovered  by  having 
the  water  examined  for  sulphuric  acid  by  means  of  acetate  of  baryta,  and  for  mu- 
riatic acid  by  acetate  of  Silver.  The  filtered  liquor  is  evaporated  to  dryness,  and 
the  dry  mass  treated  with  alcohol.  What  the  alcohol  leaves  undissolved,  must  cou" 
sist  only  of  the  alkaline  nitrates,  and  acetate  of  lime.  It  is  dissolved  in  water ;  and 
earbonate  of  magnesia  added,  which  will  occasion  a  precipitate  if  lime  be  present. 
The  lime  is  separated  by  farther  additions  of  carbonate  of  magnesia.  The  li- 
quid is  filtered,  evaporatea  to  dryness,  and  the  residuum  treated  wiu  alcohol.  The 
alcohol  now  leaves  only  the  alkaline  nitrates,  which  may  easily  be  recognized  by 
their  respective  properties.  Nitrate  of  lime  is  detected  by  concentrating  the  water, 
and  mixing  it  with  alcohol  to  separate  the  sulphates.  The  liquid  is  filtered  and  tiie 
alcohol  distilled  off;  the  muriatic  acid  is  then  separated  by  the  addition  of  acetate  of 
silver.  The  solution  is  filtered,  evaporated  to  dryness,  and  the  residuum  dissolved 
in  alcohol.  The  alcoholie.  solution  is  evaporated  to  dryness,  and  the  dry  mass  dis- 
solved in  water.  If  this  last  solution  indicates  the  presence  of  lime  by  the  usual 
tests,  the  water  contained  nitrate  of  lime. 

To  detect  nitrate  of  magnesia,  the  water  is  to  be  freed  from  sulphates  and  muri- 
ates, as  above.    The  liquid  thus  purified,  is  to  be  evaporated  to  dryness,  and  the  re- 


The  nitrate  of  silver  being  decomposed  by  the  sulphuric  acid. 
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rf^am^ffctttodwithalooiMl.  The  tkoMic  Mlalloa  It  atao  to  be  •vapOTStad  to  4ry- 
MW,  Mid  the  dry  iiiMf«UiiolT6dui  water.  To  tliie  solutioa  poto«a  it  to  be  added,  m 
long  aa  any  prectpitato  a|>peai«,  and  the  aolutioa  filtered,  and  ai^eia  evaporated  to 
dryaeat,  te  to  be  treated  with  aieobol.  If  it  leave  a  raaiduum  romieting  of  bUr, 
tlie  water  coolaioed  oitrate  efroagneitia. 

Sueh  are  the  metboda  youally  practiced  for  diaeoTeriiif  the  dtfiereni  aalmo  eeo- 
teota  of  mineral  watora.  Only  a  amail  number  of  theae  wili  be  neccaeary  to  aacei*> 
tain  the  nature  of  any  particular  water ;  for  having  proved  the  existence  of  cetlam 
aalta  in  a  water,  we  may  be  confident,  from  the  luMwn  inoonnatibilityof  amoe  aate 
with  each  otiier,  that  certain  others  cannot  be  prcaent  with  them,  nod  thoe  we  aia 
enabled  to  forego  the  trottble  of  examining  for  them.  The  foltowing  Uble  wiU  ahov 
the  experimenter  thoae  aalta  which  are  incapable  of  exiating  together  in  a  witor. 
except  in  very  minute  proportiona ; 

Satt$.  huompaHbU  wilh 

(AlkaUofl, 
Sulphate  of  Kme,    -    -     ^  Carbonate  of  magnesia, 

(  Muriate  of  baryta. 

( Alkaliea,  ^ 

J^\^JJ^ )  Muriate  of  baryta, 

' S  Nitrate,  muriate,  carbonate  of  liaae, 

(.  Carbonate  of  magneiia. 

C  Alkaliea, 
Sulphate  of  magneiiia,       2  Muriate  of  baiyta, 

f  Nitrate  and  muriate  of  lime. 

(AlkaHes, 
Sulphate  of  iron,    -    -     ^  Muriate  of  baryta, 

^  Earthy  carbonates. 

C  Sulphates, 
M  u  riate  of  baryta ,  <  Alkaline  carbonates, 

C  Earthy  carbonates. 

C  Alkaline  carbonatea, 
N  itrste  of  Hme,  <  Carbonatea  of  magnesia  and  alamina, 

^  Sulphates,  except  lime. 

TO     DXTKAMIlfB    THE    PXCPOnTIOKS    Or    THE    IN^QXEDIElTTa     lit     MIWSKAL 

WATERS. 

It  Is  not  sufficient  to  know,  that  a  mineral  water  contains  certain  ingrediento;  it 
is  necesrary  to  ascertain  the  proportions ;  and  thus  we  arrive  at  their  complete  anal- 
ysis. The  following  method  of  procedure  is  of  general  application : — ^To  collect. 
In  the  fimt  place,  the  gases ;  and  in  the  second,  the  solid  matter  contained  in  the  wn- 
ter :  the  latter  is  then  divided  into  three  portions ; — the  first  containing  all  the  sab- 
stances  very  soluble  in  water ;  the  second  those  that  are  soluble  In  alcc»liol,  and  the 
third  those  that  are  insoluble  in  both. 

To  eoUect  the  Gases. 

For  azote  and  oxygen,  a  bent  tube  is  adapted  to  a  flarii,  filled  with  the  water,  and 
the  end  of  the  tube  passes  under  a  jar  filled  with  mercury  over  the  mercurial  trough : 
the  water  is  boiled  till  all  the  gas  is  evolved.  A  little  potaasa,  or  soda,  iapaaa- 
ed  op  into  the  jar  to  absorb  any  carbonic  acid  or  sulphuretted  hydrogen  which  the 
water  magr  contain ;  but  the  alkali  is  not  introduced  till  after  the  gas  is  collected,  and 
if  Ae  water  is  aulphureous,  as  when  it  contains  the  faydrosulphuret  of  potassa  or  so- 
da, it  is  liable  to  abaorb  a  portion  of  the  oxygen  gas  when  left  long  in  contact  with 
it.  Having  thus  obtained  the  whole  of  these  gases  from  a  given  Quantity  of  the 
water,  their  respective  quantities  is  determined  by  the  ordinary  method  of  causing 
the  oxygen  to  be  absorbed,  by  hydrogen  or  phosphorus,  and  leaving  the  azote  fi-ee. 
Minerafwaters,  however,  usually  contain  less  of  these  gases  than  common  wa- 
ter, and  they  are  therefore  very  seldom  objects  of  research. 
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To  aseertaln  the  quantity  of  carbonic  acid,  a  pint  flask  with  a  bent  tube  is  filled 
with  the  water ; — the  bent  tube  passing  to  the  bottom  of  a  graduated  jar  filled  with 
inereury  over  the  mercurial  cistern.  The  flask  may  be  placed  up  to  its  neck  in  a 
tin  kettle  filled  with  a  saturated  solution  of  common  salt,  which  must  be  kept  boil- 
ing for  an  hour  or  two, — renewing  by  fresh  portions  of  hot  water  what  is  loet  by 
evaporation.  On  the  first  impression  of  the  heat,  however,  the  water  in  the  flask 
will  itself  be  expanded,  and  portions  will  continue  to  escape  into  the  graduated  jar, 
till  the  water  has  attained  its  maximum  of  temperature.  This  portk>n  must  be 
nieasured,  and  its  quantity  deducted  from  that  of  the  water  submitted  to  experi- 
ment When  the  gas  is  wholly  expelled,  a  solution  of  potassa  Is  introduced  into  the 
receiver;  and  the  absorption  indicates  the  quantity  of  carbonic  acid  present  in  the 
water.*  If  the  water  contains  sulphuretted  hydrogen  along  with  carbonic  acid, 
the  process  must  be  varied,  since  both  of  these  gases  are  absorbed  by  potassa.  A 
vessel  holding  a  larger  portion  of  the  water  (say  five  hundred  cubic  inches,)  must 
be  employed,  and  the  bent  tube  must  dip  under  a  jar  containing  a  mixture  of  ammo- 
nia and  muriate  of  lime.  The  carbonic  acid  will  first  unite  with  the  ammonia,  and 
the  carbonate  thus  formed  will  then  decompose  the  muriate  of  lime,  and  a  pre- 
cipitate of  carbonate  of  lime  will  fall.  This  must  be  carefully  collected  and  dri- 
ed and  from  its  weight,  that  of  the  carbonic  acid,  and  consequently  its  volume  is  ob- 
tain^ :  100  parts  of  carbonate  of  lime  indicate  48.7  parts  of  carbonic  acid,  and 
lOu  cubic  inches  of  the  gas  weighs  at  the  mean-temperature  and  pressure  46.07  grs. 
If  the  water  contain  sulphurous  add,  a  little  acetate  of  lime  is  added  before  it  is 
heated;  otherwise  it  would  be  partially  volatilized,  and  a  portion  of  insoluble  sul- 
phite of  lime  be  mixed  with  the  carbonate.  The  quantity  of  sulphuretted  hydro- 
gen may  be  ascertained  by  a  similar  process,  substituting  acetate  of  lead  for  the  am- 
monia and  muriate  of  lime ;  aulphuret  of  lead  is  formed  and  precipitated  in  black 
flakes,  while  the  carbonic  acid  remains  free.  100  parts  sulphuret  of  lead  contain 
86.6  of  lead,  and  18.4  of  sulphur;  and  100  cubic  inches  of  sulphuretted  hydrogen 
gas  at  mean  pressure  and  temperature,  weigh  86  grs.  It  is  easy  therefore  from  the 
weight  of  the  sulphuret,  to  find  the  quantity  of  gas. 

Sulphurous  acid  is  very  rarely  found  in  mineral  waters ;  but  if  met  with,  it  must 
be  converted  by  chlorine  into  sulphuric  acid,  precipitated  by  nitrate  of  baiyta,  and 
the  sulphate  collected,  washed,  dried  and  calcined ; — 100  parts  of  this  salt  represent 
27.6  of  sulphurous  acid  by  weight.  If  a  water  also  contains  sulphuric  acid,  or  a 
sulphate,  a  second  portion,  to  which  no  chlorine  has  been  added,  must  likewise  be 
treated  with  nitrate  of  baryta ;  and  the  weight  of  this  precipitate  deducted  from  the 
former;  100  parts  of  sulphate  of  baryta  contain  very  nearly  34  of  sulphuric  acid. 

Sub«cartM>nate  of  ammonia  is  as  seldom  found  in  mineral  waters,  as  sulphurous 
acid.  Its  quantity  may  be  ascertained,  by  distilling  a  portion  of  the  water,  condens- 
ing the  vapor  in  a  receiver,  containing  a  little  muriatic  acid,  and  evaporating  the  li- 
quid to  dryness.  The  quantity  of  muriate  of  ammonia  obtained,  will  give  that  ef  the 
carbonate :  100  parts  of  the  former,  indicating  73.5  of  the  latter. 

Separation  of  the  $olid  ingredients, 

A  sufficient,  measured  quantity  of  the  water,  is  evaporated  in  a  tinned  copper,  or 
silver  basin,  till  it  is  reduced  to  about  a  pint ;  when  it  is  transferred  to  a  porcelain 
basin,  (taking  care  to  scrape  off  any  solid  matter  that  may  adhere  to  the  sides  of  the 
copper  vessel,  and  to  rinse  it  with  water)  and  the  evaporation  is  continued  to  dry- 
ness. Having  thus  obtained  two  or  three  hundred  grains  of  the  residuum,  we  pro- 
ceed as  follows : 

A  certain  quantity,  (100  grs.  for  instance)  previously  well  dried,  at  a  temperature 
not  exceeding  212^,  is  boiled  with  seven  or  eight  times  its  weight  of  water,  for  the 
space  of  a  few  minutes :  if  Che  liquid  is  turbid,  it  is  filtered,  and  the  insoluble  mat- 
ter separated  by  the  filter,  is  dried  and  weighed. 

The  aqueous  solution*  is  evaporated  to  dryness ;  the  residuum  is  weighed,  and 
digested  in  successive  portions  of  alcohol,  (of  the  sp.  gr.  .826)  with  a  gentle  heat : 
the  liquor  is  filtered,  and  the  filter  washed  repeatedly  with  alcohol.  I'he  alcoholic 
solution  is  evaporated  to  dryness,  and  the  rcs^iduum  dried  and  weighed. 

*  In  determining  with  precision  the  quantity  of  gases  in  mineral  waters,  it  is  ne- 
ce8sai7  to  attend  to  the  .«ta(e  of  atntospheric  pressure,  temperature,  &c.  The  ruins 
for  reducing  observations  made  under  different  states  of  the  barometer  and  thermoui- 
eter  to  a  mean  standard,  have  been  given  in  the  first  Vol.  of  this  work.  p.  179. 
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The  fixed  ingredients  will  thus  be  sepanted  Into  three  portians :  their  natiinai 
mode  of  lartber  separetioD  from  each  other,  reipain  to  be  considered. 

The  insoluble  portion  may  contain  the  carbonates  of  lime,  magnesia  and  iron^ 
sulphate  of  lime,  and  silica.  The  carbonates  are  dissolved  in  a  very  slight  escentf 
muriatic  acid ;  and  the  undissolved  portion  separated  by  the  61ter.  A  eonsdenUi 
excess  of  muriatic  acid  is  nonr  added  to  the  clear  liquid  ;  and  the  oxide  of  boo  k 
precipitated  by  ammonia,  the  weight  of  which,  when  dried  a&d  i|ipiited,i8  tkat«f  Ai 
carbonate  of  iron.  The  lime  and  magnesia,  which  remain  in  the  solutkm,  ntrk 
separated  according  to  the  rules  before  given.  The  sulphate  of  lime,  and  aMo, 
which  were  left  behind  when  the  muriatic  add  was  added,  may  be  separated  bjnb- 
carbonate  of  potassa  and  muriatic  acid.  The  alkali  will  decooipose  the  sDlpbletf 
lime,  and  the  acid  dissolves  the  carbonate  which  is  formed,  whilst  the  silica  wiHre- 
main  untouched.  The  sulphate  of  lime  may  then  be  re-produced,  by  again  sefar 
rating  tbe  earth  by  sub-carbonate  of  potassa,  or  soda,  and  combining  the  predpilab 
with  sulphuric  acid. 

The  muiiates  and  nitrates  of  lime  and  magnesia,  soda,  hydro-snlphuret  of  aofa, 
muriate  of  ammonia,  and  common  salt,  are  the  only  substances  soluble  io  alcoM 
likely  to  be  present  in  a  mineral  water ;  and  of  the  two  latter,  alcohol  dissotrei  boti 
very  small  quantity.    Soda,  which,  as  well  as  muriate  of  ammonia,  is  of  very  tin 
occurrence  in  mineral  waters,  is  incompatible  with  magnesian  and  calcareous  nlii^ 
and  with  muriate  of  ammonia;  so  that  it  can  be  found  only  in  the  alcoholic  sdalioB, 
associated  with  the  muriate  or  hydro-sulphuret  of  soda :  consequently,  when  a  miiK> 
rai  water  contams  no  sulphuretted  hydrogen,  which  Lb  always  easily  knovn,  ud  i 
most  frequently  the  case,  tbe  portion  soluble  in  alcohol,  will  probably  consist  only  tf 
the  muriates  and  nitrates  of  lime  and  magnesia,  and  muriate  of  soda.    Dissolve  thi 
salts  in  water,  and  to  the  solution  add  cautiously,  drop  by  drop,  acetate  oialfv,  a- 
til  no  further  precipitate  ensues ;  avoiding,  as  much  as  possible,  any  excess  of  Ac 
preeipitent    The  whole  of  the  muriatic  acid  will  thus  be  separated,  and  there  viB 
reniamin  solution,  the  acetetes  of  lime,  magnesia,  and  soda,  and  the  nitrates  of  iiiM 
and  magnesia.    Evaporate  to  dryness,  by  a  gentle  heat,  taking  care  not  to  decosipw 
the  acetates  by  too  high  a  temperature.    Digest  the  dry  mass  in  rather  leu  tbai 
twice  its  weight  of  cold  alcohol,  of  the  sp.  gr.  .850.    This  will  dissolve  the  aeetam 
and  nitrates  of  Ume  and  magnesia,  and  leave  tbe  acetate  of  soda.    Decant  the  il- 
eoholic  solutions,  wash  tbe  residuum  with  fresh  alcohol,  and  add  the  washings  totk 
decanted  portion.    The  acetate  of  soda  may  then  be  converted  into  sub-carbooateby 
a  red  heat,  and  weighed.    Distil  off  the  alcohol  from  the  dissolved  salts,  re-disniTe 
them  in  water,  and  to  the  solution  add  sub-carbonate  of  potassa,  avoidine  onBeGei» 
ry  excess :  this  will  throw  down  the  Ume  and  magnesia  in  the  state  of  carboDilB^ 
aind  leave  in  solution  acetate  and  nitrate  of  potassa,  and  a  small  portion  of  carbooate 
of  potaffsa.    Separate  the  precipitates,  evaporate  the  solution  again  to  dryness,  sad 
boil  the  residuum  in  alcohol,  of  .820,  which  will  dissolve  the  acetete  of  potass,  vd 
leave  the  nitrate  and  sub-carbonate.    Separate  the  spirituous  solatloo,  distil  it  to 
dryness,  and  convert  the  sub-carbonate  of  potassa  into  acetate,  by  pure  weak  acetoos 
acid.    A  repetition  of  the  action  of  the  alcohol,  will  then  separate  the  acetate;  ad 
the  nitrate  of  potassa  will  be  left  insulated.    Ry  the  first  process,  we  obuin  chioriite 
of  silver,  from  which  the  whole  quantity  of  muriatic  acid  is  inferred :  by  ^ 
second,  sub-carbonate  of  soda,  which  denotes  the  quantity  of  acid  in  the  muriate  of 
foda :  by  the  third,  the  carbonates  of  lime  and  magnesia,  whence  we  learn  tbe 
weight  of  those  bases ;  and  from  the  weight  of  tlie  nitrate  of  potassa  of  the  last  pr^ 
cess,  we  find  tbe  quantity  of  nitric  acid.     From  these  data,  the  pn^rtiofis  of  at 
yeveral  salts  in  the  mixture  may  be  estimated. 

100  chloride  of  silver,  are  equivalent  to  25.46  muriatic  acil 

100  nitrate  of  potassa,  are  equivalent  to  62.88  nitric  acid. 

100  sub-carbonate  of  soda,  are  equivalent  to  110.      common  Siiit ;  or 

6S.7    muriaiic  acid. 

100  carbonate  of  lime,  are  equivalent  to  56.      lime. 

100  carbonate  of  magnesia,  are  equivalent  to  47.      magnesia. 

The  quantities  of  lime  and  nuigoeda,  which  saturate  equal  portions  of  muiiaiK 
and  nitric  acids,  are  as  follows : 

100  parts  of  nitric  acid,  saturate  52.5  Ilmc. 

100    "  «•  "  .%.5  magnesia. 

100  parts  of  muriatic  acid,  saturate       1^2.    liiiio. 

100    "  "  *»  72.3  magnesia. 
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The  flubstancet,  soluble  in  water  only,  are  more  Dumeroua  than  the  preceding : 
they  amount  to  18,  yIz.,  the  sulphate  of  soda,  magnesia,  ammonia,  iron  and  copper, 
i£nd  alum  ;  nitrate  of  potassa,  the  muriates  of  potassa  and  soda ;  the  borate  of  so- 
da and  boracic  acid.  They  may  be  detected  by  the  methods  already  mentioned, 
among  the  preliminaries  to  the  analysis  of  mineral  waters.* 

The  sulphates  of  ammonia,  iron  and  copper,  alum,  nitrate,  muriate,  and  carbonate 
of  potassa,  borax  and  boracic  acid,  are  very  rarely  found  in  mineral  waters,  and  car- 
bonate of  soda  or  potassa  is  incompatible  with  sulphate  of  copper,  and  free  boracic 
acid.  Thus  the  sulphates  of  soda  and  magnesia,  common  salt,  and  carbonate  of  so- 
da, are  almost  the  only  substances  of  this  class  likely  to  be  met  with  ;  moreover,  on- 
ly three  of  them  can  exist  together,  for  sulphate  of  magnesia,  and  carbonate  of  wxia, 
mutually  decompose  each  other. 

Suppose  first,  that  there  is  no  sulphate  of  magnesia  in  the  water;  treat  the  mix- 
ture with  successive  portions  of  alcohol,  of  the  sp.  gr.  .876,  which  will  dissolve  all  the 
c^ommon  salt ;  then,  adding  acetic  acid  to  the  sulphate  and  carbonate  of  soda,  the  lat- 
ter will  be  converted  into  an  acetate,  soluble  in  alcohol,  and  thus  easily  separated 
from  the  sulphate ; — the  quantity  of  acetate  will  give  that  of  the  carbonate. 

Secondly,  suppose  that  there  is  no  carbonate  of  soda  present ;  the  common  salt  is  to 
be  separated  as  before,  try  alcohol ;  then  dissolve  the  residuum  in  water,  and  add  mu- 
riate of  baryta,  until  it  produces  no  farther  precipitate,  taking  great  care  not  to  add  it 
in  excess.  The  sulphates  of  soda  and  ma^esia  will  be  decomposed,  insoluble  sulphate 
of  baryta  will  fall,  and  the  muriates  ol  soda  and  magnesia  will  remain  in  solution. 
Evaporate  the  liquid  to  dryness,  and  calcine  the  residuum  in  a  platinum  crucible,  at 
a  red  heat.  The  muriate  of  magnesia  will  thus  be  deprived  of  its  acid,  and  the  com- 
mon salt  may  be  separated  from  the  magnesia  by  water.  100  parts  of  common  salt 
are  equivalent  to  (^.25  of  soda.  From  the  quantities  of  soda  and  magnesia,  the 
quantities  of  their  sulphates  may  be  estimated ;  and  the  weight  of  the  sulphjaric  acid 
from  that  of  the  sulphate  of  baryta. 

If  a  mineral  water  contain  a  hydro-sulphuret,  the  gases  are  collected  as  before 
stated ;  the  carbonates  of  lime  and  magnesia,  the  sulphate  of  lime  and  the  silica, 
must  also' be  separated  by  the  usual  meUiods,  except  that  it  is  better  to  evaporate  the 
water  in  a  flask,  than  in  a  bUin,  to  prevent  the  action  of  the  air  on  the  hydro- 
sulphuret. 

To  ascertain  the  quantity  of  the  hydro-sulphuret,  (or  sulphuretted  hydro-sulphu- 
ret) introduce  the  water  into  a  tubulated  retort,  having  a  safety  tube  fitted  to  the 
tubulure,  and  a  common  tube  to  its  neck,  which  passes  into  a  flask,  containing  ace- 
tate of  lead;  pour  acetic  acid  into  the  water,  through  the  safety  tube,  and  heat  it 
gradually,  until  it  boils.  The  hydro-sulphuret  will  be  decomposed ;  its  sulphuret- 
ted hydrogen  will  pass  into  the  flask,  and  produce  sulphuret  of  lead,  and  the  sul- 
phur, which  was  united  with  the  hydro-sulphuret,  will  be  precipitated.  From  the 
weight  of  the  sulphuret,  we  obtain  that  of  the  sulphuretted  hydrogen,  and  from  the 
weight  of  the  latter  and  the  sulphur,  that  of  the  sulphuretted  hydro-sulphuret.t 
100  of  lead,  combine  with  15.5  of  sulphur,  and  16  of  sulphur  with  1  of  hydrogen. 
The  sulphuretted  hydro-sulphurets  fhydroguretted  sulphurets)  are  probably  formed 
of  two  equivalents  of  sulphur,  one  ot  hydrogen,  and  one  of  base ;  thus,  if  It  be^  the 
sulphuretted  hydro-sulphuret  of  soda,  (or  more  properly  of  sodium)  its  composition 
would  be  sodium  24,  sulphur  32,  hydrogen  I,  =  57. 

The  carbonate  of  soda  may  be  determined  by  a  similar  process.  After  boiling  the 
water,  to  throw  down  the  insoluble  precipitates,  filler,  and  treat  it  with  muriatic 
acid,  in  an  apparatus  like  that  described  for  ascertaining  the  proportion  of  free  car- 
bonic acid,  when  associated  with  sulphuretted  hydrogen  in  a  water  (page  27 ;)  from 
the  weight  of  the  carbonate  of  lime,  that  of  the  alkalioe  salt  will  be  deduced.  100 
parts  of  carbonate  of  lime  are  equivalent  to  105.5  parts  of  sub-carbonate  of  soda,  de- 
prived of  its  water  by  a  red  heat;  and  to  16S  parts  of  the  crystalline  bi-carbonate. 

*  No  notice  is  here  taken  of  the  hydriodates  and  hydro-bromates  of  potassa  and 
magnesia,  which  hitherto  have  been  merely  detected  in  mineral  waters,  and  whoso 
separation  from  their  concomitant  ingredients,  has  not  yet  received  the  attention  of 
chemists. 

t  It  is  recommended,  <iometimcs,  to  determine  the  quantity  of  the  base  of  the 
sulphuretted  hydro-sulphuret,  in  a  direct  manner,  in  preference  to  deducing  it  from 
the  weight  of  the  sulphuretted  hydrogen  and  the  sulphur,  particularly  as  the  latter 
is  difficult  to  collect.' 
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It  rem  tins  to  consider  bow  the  other  rabitaneee  m«  to  be  fopvated.  If  eubonate 
of  soda  be  present,  the  water  can  contain  beaidea,  only  the  carbonates  of  time  mi 
magnesia,  silica,  bydro-sulpbaret  of  soda,  and  oUier  sails  with  base  of  &at  alkali.  In 
that  case,  an  excess  of  nitric  acid  is  added,  and  the  solution  evaporated  to  Atj- 
ness:  the  residue  is  calcined  at  a  red  heat,  water  is  added,  and  the  liquor  filter- 
ed. The  soda  of  the  carbonate  and  hydro  sulphuret,  and  the  other  salts,  (geDerelly 
only  sulphate  and  muriate  of  soda)  will  be  dissolved.  To  the  solution,  sab-^rbooaU 
of  ammonia  is  added,  to  convert  the  soda  completely  into  sub*carbonate ;  and  the  li- 
quid is  boiled,  to  drive  off  the  excess  of  the  volatile  carbonate :  we  then  leara  tht 
quantities  of  common  salt  and  sulphate  of  soda  by  alcohol  and  acetic  add,  as  directed 
above.    At  the  same  time,  the  quantity  of  acetate  must  be  ascertained,  which  mil 

S've  that  of  the  soda,  and  the  quantities  of  carbonic  acid  and  sulpbaretted  hydrogen, 
ose  of  the  hydro-sulphuret  and  sub-carbonate. 

If  no  carbonate  of  soda  be  present,  a  mineral  water  may  contain,  in  addition  to  the 
substances  mentioned  in  the  last  paragraph,  the  sulphates,  muriates,  and  nitrates  of 
lioie  and  magnesia.  In  this  case,  a  portion  of  it  is  agitated  with  an  excess  of  chlo- 
ride of  mercury,  (calomel)  which  will  decompose  the  hydro-suiphnret,  and  lorm  a 
insoluble  black  sulphuret  of  mercury,  and  muriate  of  lime  or  soda,  according  ai  the 
sulphuretted  hydrogen  was  united  to  one  or  other  of  these  two  bases,  will  befonoeil. 
The  rules  already  given,  will  enable  us  to  complete  the  analysis ;  but,  fron  the 
ooantity  of  muriate  obtained,  must  be  deducted  that  which  arises  from  the  actioBflf 
tne  hydro*sulphuret  on  the  chloride  of  mercury.  For  this  purpose,  take  a  fresh  po^ 
tion  of  the  water,  add  nitric  acid,  and  boil  it  to  expel  the  sulphuretted  hydrofea; 
then  filter,  and  drop  in  an  excess  of  sulphate  of  silver.  The  weight  of  the  ehbride 
of  silver  that  will  be  formed,  will  indicate  the  real  quantity  of  the  acid  conlamediB 
the  water,  whence  that  arising  from  the  calomel  may  be  estimated.  Since  the  son 
of  the  two  quantities  has  been  given  by  the  first  experiment,  and  the  quaotityflf 
acid  derived  from  the  chloride  is  also  known,  the  quantity  of  l>ase  which  saturatoit 
is  likewise  obtained.  The  quantity  of  hydro-sulphuret  will  likewise  be  fimnd  from 
the  same  data,  as  it  is  the  result  of  the  union  of  that  base  with  the  sulphuretted  hy- 
drogen. 

Dr,  Murray*$  formtUm  for  the  analyns  if  mineral  watert. 

According  to  the  insenious  views  of  Dr.  Murray,  the  alkaline  bases  are  ttohed  la 
mineral  waters  with  those  acids,  with  which  they  form  the  most  soluble  compoamifl ; 
and  the  insoluble  salts,  obtained  by  evaporation,  are  the  products  of  the  operation, 
and  not  the  original  ingredients  of  the  water.*  For  example,  though  we  may  ob- 
tain from  a  mineral  water,  sulphate  of  lime  and  muriate  of  soda,  yet  the  water  is  iti 
natural  state,  held  in  solution  both  sulphate  of  soda  and  muriate  of  lime;  which, 
though  incompatible  salts,  when  mingled  together  in  dense  solution,  may  yet  exDt 
without  mutual  decomposition,  when  diflfused  through  a  large  quantity  of  fluid.  He 
maintained,  therefore,  that  we  obtain  a  much  nearer  approximation  to  the  troe  com* 
position  of  a  mineral  water,  by  disregarding  entirely  the  salts  resulting  from  its  evap^ 
oration ;  and  instead  of  this,  determining  with  extreme  precision  the  elements,  or 
acids  and  bases,  of  which  those  salts  are  composed,  and  afterwards  arranging  their 
mode  of  combination  by  the  above  theory.  Having  gained  a  general  idea  of  the  na- 
ture of  any  mineral  water  by  ordinary  testing,  he  recommends  that  we  proceed  to 
its  minute  analysis  in  the  following  manner : 

Reduce  the  water,  by  evaporation,  as  far  as  it  can  be  done  without  occasioning  any 
sensible  precipitation  or  crystallization.  Add  muriate  of  baryta  as  long  as  it  occa- 
sions a  precipitate,  and  no  longer.  By  an  experiment  on  a  separate  quaudty,  exam- 
ine whether  the  precipitate  effervesces  with  dilute  muriatic  acid,  and  whether  n  » 
entirely  dissolved  by  that  acid  or  not.  If  entirely  soluble,  dry  and  weigh  It;  «m 
allow  22  grains  of  carbonic  acid  for  cverv  100  grains.  If  it  do  not  effervesce,  or 
dissolve,  we  may  consider  it  as  sulphate  of  baryta,  and  reckon  that  it  contains  m  a 
dry  state,  84  grs.  of  sulphuric  acid  in  every  100.  If  it  be  partly  soluble  with  e»r- 
vescence,  and  partly  insoluble*  it  consists  both  of  carbonate  and  sulphate  of  btryn; 
the  former  of  which  may  readily  be  separated  from  the  latter,  by  diluted  »""•* 
acid  ;  and  the  precipitate  being  weighed,  in  a  dry  state,  both  before  and  ««JT 
action  of  the  acid,  we  learn  the  quantity  of  each, — ^what  remains  being  the  sulpMUJ 
only.    Wo  have  thus  expelled  the  carbonic  acid  by  evaporation,  and  separated  tne 

•  To  this  opinion  there  is  no  objection;  though  it  is  probable,  that  each  add  » 
rather  distributed  between  scvci*al  bases,  than  combined  exclusively  with  one  of  theni. 
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vulphuric  acid  by  the  barytic  salt:  the  next  object  is  to  discover  the  kind  and  quanti- 
ty of  the  bases  present;  and  then  to  find  tibe  quantity  of  muriatic  acid  originaUy 
contained  in  the  water. 

To  the  clear  liquid,  add  a  saturated  solution  of  oxalate  of  ammonia,  as  loxu;  as  any 
turbid  appearance  is  produced.  Collect  the  precipitate,  which  consists  oroxslate 
of  lime :  dry  It ;  and  by  calcining  it  at  a  low  red  heat,  convert  it  into  a  carbonate, 
w^hich  may  be  changed  into  sulphate  by  a  slight  excess  of  sulphuric  add.  The  sul- 
phate after  ignition  contains,  in  68  psrts,  26  of  lime,  or  41.6  per  cent.  To  separate 
the  magnesia,  the  clear  liquid,  remaining  after  the  precipitation  of  the  oxalate  of 
lime,  IB  heated  to  100^,  and  if  necessary,  reduced  a  little  by  evaporation;  to  it,  is 
then  added,  first  a  solution  of  carbonate  of  ammonia,  and  afterwards  of  phosphate 
of  ammonia,  as  long  as  any  precipitation  takes  place,  continuing  always  in  the  liquor 
a  alight  excess  of  ammonia.  The  triple  phosphate  of  magnesia  and  ammonia  is 
thrown  down;  and  this  being  calcined  at  a  red  heat  for  an  hour,  is  converted  into 
phosphate  of  magnesia;  100  grs.  of  the  residue  are  equal  to  41.6 of  magnesia.  To 
estimate  the  soda,  evaporate  to  dryness  the  liauor  remaining  after  the  preceding  op- 
erations, and  expose  the  dry  mass  to  heat  as  long  as  any  vapors  exhale,  raising  it  m 
the  end  to  redness.  The  residual  matter,  is  chforide  of  sodium  (common  salt) ;  60 
parts  of  which  are  equivalent  to  24  sodium,  86  chlorine. 

It  is  possible  that  me  chlorine  deduced  from  the  residuary  common  salt,  or  rath- 
er the  muriatic  acid,  which  it  forms  with  hydrogen,  may  exceed  the  true  quan- 
tity, and  that  a  part  may  have  been  introduced  by  the  muriate  of  baryta.  Or,  on 
the  other  hand,  if  muriate  of  lime  or  of  magnesia  were  present  in  the  water, 
the  ammonia  by  which  those  earths  were  separated  would  form,  with  the  muriatic 
acid  detached  from  those  bases,  salt,  which  may  have  been  dissipated  by  heat ;  and 
consequently  the  chlorine  or  muriatic  acid  will  have  been  stated  too  low.  To  decide 
this,  the  simple  rule  is,  to  suppose  the  elements  obtained  by  the  analysis,  combined 
in  binary  compounds,  according  to  the  known  proportions  in  which  they  unite.  The 
excess  or  deficiency  of  chlorine  or  muriatic  acid  will  then  appear;  and  the  amount 
of  the  excess  being  subtracted  from  the  quantity  of  chlorine  or  muriatio  acid  exis- 
ting in  the  common  salt ;  or  the  amount  of  the  deficit  being  added  to  that  quantity, 
the  real  quantity  of  chlorine  or  muriatic  acid  will  be  apparent.  As  a  check  on  this 
operation,  it  may  be  proper  to  estimate  directly,  the  quantity  of  chlorine  or  muriatic 
acid  in  a  given  portion  of  the  water,  by  first  abstracting  any  sulphuric  or  carbonic 
acid  by  nitrate  of  baryta,  and  then  precipitating  the  chlorine  by  nitrate  of  silver. 
The  real  quantity  of  chlorine,  and  its  equivalent  of  muriatic  acid,  will  thus  be  found ; 
and  the  result  will  form  a  dieck  on  the  other  steps  of  the  analyris ;  for  the  other  in- 
gredients must  bear  that  proportion  to  the  muriatic  add  which  will  correspond  with 
3ie  state  of  neutralization. 

Having  thus  discovered  the  different  acids  and  bases,  and  determined  their  quan- 
tities, it  remains  to  determine  the  state  of  combination  in  which  they  exist.  This  is 
done  simply  by  uniting  them  in  binary  compounds  in  such  a  manner  that  the  adds 
and  bases  may  form  the  most  soluble  salts.  For  example,  the  elements  of  the  salts 
in  a  pint  of  sea  water,  as  determined  by  Dr.  Murray's  analysis  are. 

Lime 2.9  grs. 

,  Magnesia,       .     .     14.8 

Soda 96.3 

Sulphuric  acid,   .      14.4 

Muriatic  acid,     .     97.7  (=96.06  chlorine  +  2.64  hydrogen.) 
226.1 
The  compound  salts,  as  obtained  by  evaporation,  are. 

Chloride  of  sodium,      .....  180.5  grs. 

Muriate  of  magnesia,  .  .28. 

Sulphate  of  magnesia,  ....  15.5 

lime, 7.1 

226.1. 
But  the  salts  existing  in  a  wine-pint  of  sea-water,  in  its  natural  state,  before  sub- 
jectiDg  it  to  evaporation,  may  be  calculated  to  be 

Chloride  of  sodium,      .....  180.5  grs. 

Muriate  of  magnesia,        .....       18.3 

lime, 5.7 

Sulphate  of  magnesia,       .....       21.6 

226.1. 
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turbid,  the  cootents  are  dimolved  by  means  of  carbonic  acid ;  the  pra0ence  of  which , 
ii  also  indicated  by  small  bubbles  that  rise  from  the  bottom  of  the  well,  and  burst  in 
the  air,  on  arriving  at  the  surface.  But  the  most  evident  proof  of  a  spring  contain- 
ing carbonic  acid,  is  the  generation  of  bubbles  on  the  water  being  shaken,  and  their 
bursting  with  more  or  less  noise,  while  the  air  is  makinr  its  escape.  The  sediment 
deposited  bv  the  water  is  likewise  to  be  examined.  If  it  be  yellow,  it  indicates  the 
presence  of  iron ;  if  black,  that  of  iron  combine  dwith  sulphur.  The  odor  of  waten 
is  important  in  discovering  the  presence  of  sulphuretted  hydrogen  in  them^uch  at 
contain  this  substance  have  the  peculiar  fetid  smell  belonging  to  this  gas.  The  taste 
of  a  spring  affords  useful  indications  with  respect  to  its  contents.  Speci6c  mv- 
ity  is  less  important  in  judging  of  the  contents  of  mineral  waters,  though  it  should 
not  always  be  overlooked. 

The  examination  of  waters,  by  the  application  of  a  few  reagents,  enables  us  todisoov- 
er  the  substances  they  contain;  but  to  determine  the  proportions  and  manner  in  which 
they  are  combined,  requires  a  complete  analysb.  The  former,  of  these  objects,  is 
often  all  that  is  sought,  in  relation  to  the  mineral  waters;  and  when  the  latter  is 
aimed  at,  it  can  be  effected  only,  by  first  ascertaining  all  the  ingredients  that  are 
present.  In  making  these  preliminary  experiments,  the  water  employed,  should, 
in  general,  be  taken  fresh  from  the  spring,  or  should  have  been  preserved  from  the 
air  In  sealed  bottles.  Occasionally,  however,  it  needs  to  undergo  an  exposure  to  the 
air,  for  the  space  of  a  few  hours ;  and  when  the  saline  ingrements  are  not  abun- 
dant, it  sometimes  requires  to  be  considerably  evaporated.  The  substances  detect- 
ed by  testing,  are : 

(a.)  Carbonic  acid, — When  this  is  not  combined  with  any  base,  or  not  with  suf- 
ficient to  neutralize  it,  the  addition  of  lime  or  barytic  water,  in  excess,  will  throw 
down  a  precipitate,  soluble  with  effervescence  in  muriatic  acid.  It  reddens  litmus 
faintly,  when  fresh,  but  loses  this  property  after  boiling,  or  long  exposure  to  the  air; 
and,  if  litmus  has  been  reddened  by  it,  the  color  is  discharged  by  boiling. 

(6)  Mineral  eicids,  when  present,  uncombined,  in  water,  redden  litmus  perma- 
nently, even  though  the  water  has  been  boiled. 

(c.)  Sulphuretted  hydrogen  exhales  its  peculiar  odor,  blackens  paper  moistened 
by  solution  of  lead  or  bismuth,  and  precipitates  the  nitrate  of  silver  black  or  brown ; 
but  it  loses  these  properties  by  being  boiled. 

(d.)  HydrO'tmphureU  with  excess  of  gas,  is  attended  with  the  same  smell  as  sul- 
phuretted hydrogen,  but  weaker;  it  also  precipitates  solutions  of  lead  and  silver 
black ;  but  heat  does  not  destroy  either  of  these  properties. 

{e.)  Alkalies  and  alkaline,  and  earthy  carbonates  are  distinguished  by  the  fol- 
lowing tests. — ^The  infusion  of  turmeric,  or  paper  stained  with  turmeric,  is  rendered 
brown  by  alkalies,  or  reddish  brown,  if  the  quantity  be  minute.  Paper  stained 
with  the  infusion  of  Brazil  wood,  is  rendered  blue;  but  this  change  is  produ- 
ced also  by  the  nlkaline  and  earthy  carbonates.  Litmus  paper,  reddened  by  vin- 
egar, is  restored  to  its  oriKJnal  blue  color;  a  change  is  produced  by  the  alkaline  and 
earthy  carbonates  also.  When  these  changes  are  fugacious,  we  may  conclude  that 
the  alkali  is  ammonia.  Fixed  alkalies  exist  in  waters  that  occasion  a  precipitate 
with  muriate  of  magnesia  after  being  boiled.  The  volatile  alkali  may  be  distinguish- 
ed by  the  smell,  or  by  white  fumes  with  muriatic  acid;  or  it  may  be  obtained  in  a 
receiver,  by  distilling  a  portion  of  the  water  gently,  and  then  it  may  be  distin- 
guished by  the  above  tests.  Earthy  (as  well  as  metallic)  carbonates  are  precipi- 
tated by  boiling  the  water  containing^ them;  except  the  carbonate  of  magnesia, 
which  is  precipitated  but  imperfectly. 

(/.)  Iron. — Tincture  of  galls  imparts,  to  water  containing  iron,  a  purple  or  black 
color.  If  the  tincture  have  no  offset  on  water  after  boiling,  though  it  odors  it  be- 
fore, the  iron  is  in  the  state  of  a  carbonate.  When  the  Iron  is  a  little  oxidized, 
thd  presence  of  lime,  facilitates  the  application  of  this  test ;  but  when  an  the 
-contrary,  the  iron  Is  much  oxidized,  lime  prevents  the  ordinary  action  of  the  test. 
Ferro-cyanate  of  potassa  occasions  a  blue  precipitate  in  water  containing  Iron.  If 
an  alkali  be  present,  however,  the  blue  precipitate  does  not  appear,  untess  the  al- 
kali is  first  saturated  with  an  add. 

(g.)  Copper. — Ammonia  gives  to  water,  containing  any  of  the  salts  of  copper,  a 
blue  tinge ;  and  if  the  solution  is  strong,  a  plate  of  clean  iron,  immersed  in  them, 
comes  out  covered  with  a  thin  coat  of  copper. 

(h.)  Su^kurie  acid  exists  in  waters  that  form  a  precipitate,  with  the  folfowing 
joltttions ; — muriate,  nitrate,  or  acetate  of  baryta,  strontia,  or  lime,  or  nitrate  or  ace- 
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tate  of  letd.  Of  these,  the  most  powerful  by  far,  is  muriate  of  barVta,  which  should 
be  applied  with  the  following  precautions :  the  muriate  must  be  mluted ;  the  allca- 
lies,  or  alkaline  carbonates,  if  the  water  contain  any,  must  be  previously  saturated 
with  muriatic  acid ;  the  precipitate  must  be  insoluble  in  muriatic  acid ;  if  boracic 
acid  be  suspected,  muriate  of  strontia  must  be  tried,  which  is  not  precipitated  by  bo- 
racic acid.  The  hyro-sulphurets  precipitate  barytic  solutions,  but  their  presence  is 
easily  discovered  by  the  smell. 

(t.)  Mttriatie  acid  is  detected  by  nitrate  of  silver,  which  occasions  a  cloud  or  a 
white  precipitate.  To  render  this  test  certain,  the  alkalies,  or  carbonates,  must  be 
first  saturated  with  nitric  acid  ;  and  sulphuric  acid,  if  present,  must  be  previously 
removed  by  means  of  nitrate  of  baryta.  The  precipitate  must  be  insoluble  in  nitric 
acid. 

(J.)  Hydriodic  acid  [h  detected,  by  adding  to  the  water,  rendered  dense  by  evap- 
oration, in  the  first  place,  a  solution  of  starch,  and  then  a  few  drops  of  sulphuric  acid  ; 
the  starch  assumes  a  deep  blue  color.  Solution  of  muriate  of  platinum  causes  a  dee^ 
brownish  red  color,  and,  in  a  few  hours,  the  liquid  is  covered  by  a  metallic  film.* 

(k.)  Bydrthkrotfiic  acid  is  detected  in  mineral  waters,  by  passing  a  current  of  chlo- 
rine gas  through  the  water,  first  rendered  dense  by  evaporation :  it  assumes  a  deep 
orange  yellow  color,  and  by  adding  to  it  pure  sulphuric  ether,  and  agitating  the  flu- 
ids together,  the  yellow  color  disappears  from  the  aqueous  solution,  and  rises  in  the 
ether  to  the  top  of  the  fluid,  which  it  colors  of  a  rich,  reddish  brown  color. 

(I)  JVUrie  acid  is  detected,  by  adding  sulphuric  acid  td  a  portion  of  the  water  in 
which  it  exists,  in  quantity  abundantly  sufficient  to  decompose  all  the  salts  subject 
to  its  action,  and  boiling  such  acidulated  water  in  a  Florence  flask,  with  a  leaf  of 
gold,^  for  half  an  hour,  or  an  boor :  the  gold  will,  either  in  part,  or  wholly,  disappear; 
and  the  solution  obtained,  will  give,  on  the  addition  of  proto-muriate  of  tin,  a  deep 
purple  tint ;  also,  by  adding  to  a  portion  of  the  water  a  solution  of  potassa,  till  no  fur- 
ther precipitate  falls  down,  and  then  filtering  and  evaporating  the  supernatant  li- 
quid ;  a  residuum  wUl  be  obtained,  which  scintillates  when  thrown  on  burning 
coals. 

(m.)  BaraeU  acid  is  detected,  by  means  of  acetate  of  lead,  with  which  it  forms  a 
precipitate,  insoluble  in  acetic  acid.  But,  to  render  this  test  certain,  the  alkalies  and 
earths  must  be  previously  saturated  with  acetic  acid,  and  the  sulphuric  and  muriatic 
adds  removed,  by  means  of  acetate  of  strontia  and  acetate  of  silver. 

(n.)  Baryta  is  known  by  the  insoluble  white  precipitate,  which  it  forms  with  di- 
luted sulphuric  acid. 

(p.)  lAme  is  detected  by  means  of  oxalic  acid,  which  occasions  a  precipitate  in  wa- 
ter, containing  a  very  minute  proportion  of  this  earth.  To  render  the  test  decisive, 
however,  the  mineral  acids,  if  any  be  present,  must  be  previously  saturated  with  an 
alkali ;  and  baryta,  if  any  be  present,  must  be  removed  by  means  of  sulphuric  acid. 
Oxalic  acid  precipitates  magnesia,  but  very  slowly,  whereas  it  precipitates  lime  in- 
stantly. 

(jp.)  Lithia  is  detected  in  mineral  waters,  in  the  following  manner : — into  the 
mineral  water,  pour  a  solution  of  phosphate  of  soda,  evaporate  to  dryness,  and  re- 
dissolve  all  that  is  soluble  by  cold  water.  Lithia,  if  present,  is  left  in  the  state  of  an 
insoluble  phosphate  of  lithia  and  soda. 

(9.)  Magnesia  and  ahimina, — ^The  presence  of  these  earths  is  ascertained  by  the 
following  tests : — ammonia  precipitates  them  both,  provided  the  carbonic  add  has 
been  previously  separated  by  a  fixed  alkali,  and  boiling.  Lime  water  precipitates 
only  tiiese  two  earths,  provided  the  carbonic  acid  be  previously  jemoved,  and  the 
sulphuric  acid  also,  by  means  of  nitrate  of  baryta.  The  alumina  may  be  separated 
from  the  magnesia,  after  both  have  been  precipitated  together,  either  by  boiling  the 
precipitate  in  potassa,  which  dissolves  the  alumina,  and  leaves  the  magnesia ;  or  Uie 

*  M.  Ballard's  mode  of  testing  for  iodine. — After  having  mixed  the  liquid  contain- 
ing the  iodine,  with  the  starch  and  the  sulphuric  acid,  a  small  quantity  of  aqueous 
solution  of  chlorine  is  to  be  added,  which,  from  its  lightness,  may  be  made  not  to 
mix  with  the  mixture,  but  float  on  the  surface ;  at  the  place,  where  they  touch,  a 
blue  zone  will  be  perceived,  which,  however  feeble  it  may  be,  is  readily  scen'hy 
contrast  with  the  neighboring  limpid  liquids;  if  a  part  of  the  mixture  be  slightly 
agitated,  the  blue  color  will  be  developed  when  the  1t\*o  solutions  are  in  comart ; 
but  if  the  whole  he  mixed,  it  will  entirely  disappear,  if  the  chlorine  be  in  excess. 
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precipitate  may  be  dlsiolved  in  muriatic  acid,  precipitated  by  an  allcaline  carboDate, 
dried  in  the  temperature  of  100°,  and  then  expoaed  to  the  action  of  dOated  ffluriatic 
acid,  which  dissolves  the  magnesia,  without  touching  the  alumina. 

(r.)  Silica,  may  be  ascert^ned,  by  evaporating  a  portion  of  water  to  dryness,  and 
redissolving  the  precipitate  in  muriatic  acid :  the  silica  will  remain  behiod  oa* 
touched. 

By  these  means,  the  substances  found  in  mineral  waters,  may  be  detected ;  bat  m 
they  are  generally  combined,  so  as  to  form  salts,  it  remains  to  point  oat  the  metbodi 
for  discovering  what  these  combinations  are. 

1.  Sulphates. — When  we  have  detected  sulphuric  acid,  combined,  and  one  base  or 
more,  in  a  water,  the  next  step  is  to  ascertain  the  species  of  the  sulphate.  The  Doin- 
ber  of  sulphates,  hitherto  observed  in  water,  is  seven ;  but  as  one  of  these,  sulphate 
of  copper,  is  never  found,  except  in  the  vicinity  of  copper  mines,  it  may  be  left  out 
of  the  question,  in  our  ordinary  researches. 

Sulphate  of  soda,  or  sulphate  of  potassa,  may  be  detected  by  the  fdlowing  meOt- 
od : — ^To  free  the  water  of  all  earthy  sulphates,  it  is  evaporated  to  one  half,  and 
lime  water  added  as  long  as  any  precipitate  appears.  The  only  remainiogearthf 
sulphate  will  be  sulphate  of  lime,  which  is  separated  by  evaporating  the  liquid  Ifli 
H  becomes  conceutrated,  and  then  dropping  into  it  a  little  alcohol,  and  alter  filtratioB, 
aidding  oxalic  acid  in  saaall  quantities.  With  the  water,  thus  purified,  is  nungied  a  »• 
lution  of  lime.  If  a  precipitate  appear,  either  immediately,  or  on  the  addition  of  a  little 
alcohol,  it  is  a  proof  that  sulphate  of  potassa,  or  of  soda,  is  present.  Which  of  the  two, 
mav  be  determined  by  mixing  some  of  the  purified  water  considerably  reduced  n 
bullr,  by  evaporation,  with  a  solution  of  muriate  of  platinum.  If  the  alkali  be  j 
a  yellow  precipitate  will  fall ;  but  none  will  appear  if  the  alkali  be  soda. 

Sulphate  of  lime  may  be  detected  by  evaporating  a  quart  of  the  water,  i 
to  contain  it,  to  a  few  ounces.  A  precipitate  appears,  which  if  it  be  sulphate  of  liaie, 
Is  soluble  in  600  parts  of  water ;  and  the  solution  afibrds  a  precipitate  with  the  jbo- 
riate  of  baryta,  oxalic  acid,  carbonate  of  magnesia  and  alcohol. 

Alum  may  t>e  detected  by  mixing  carbonate  of  lime  with  the  water  in  which  it 
exists;  if  a  precipitate  appear,  it  indicates  the  presence  of  alum,  or  at  least  of  sul- 
phate of  alumina ;  provided  the  water  contains  no  muriate  of  baryta  or  metallic  nil- 
phates.  The  first  is  incompatible  with  alum,  the  second  may  be  removed  by  the 
alkaline  prussiates.  When  a  precipitate  is  produced  in  water  by  muriate  of  lime, 
carbonate  of  lime,  and  muriate  of  magnesia,  we  may  conclude  that  it  contaiiii  aloo 
or  sulphate  of  alumina. 

Sulphate  of  magnesia  may  be  known  by  the  following  tests ; — a  solution  of  car- 
bonate of  ammonia  (prepared  with  a  portion  of  that  salt  which  has  been  exposed)  u 
added  to  the  water,  much  reduced  by  evaporation ;  after  which  phosphate  of  soda  if 
added,  which  will  throw  down  a  precipitate  of  the  ammoniaco-magnesian  phosphite. 
A  neat  mode  of  applying  this  test  was  practiced  by  Dr.  Wollaston,  its  inventor,  as 
follows : — upon  a  piece  of  glass,  the  clear  solution  containing  magnesia  is  spread  ao  ai 
to  form  a  thin  film,  to  which  are  added  a  few  drops  of  carbonate  ofanmionia,  andphoa- 
phate  of  soda  in  succession :  the  word  magnesia,  or  any  other,  is  then  traced  upcothe 
glass  so  covered,  with  the  end  of  a  glass  rod.  The  word  which  is  traced  will  ap- 
pear in  white  characters.  Objections  have  been  made  to  these  tests  however,  by 
Mr.  R.  Phillips,  on  the  ground  of  the  presence  of  carbonate  of  lime  in  all  sesqoi- 
carbonate  of  ammonia,  which  may  cause  in  the  addition  of  phosphate  of  soda,  a  pre- 
cipitate of  phosphate  of  lime  as  well  as  one  of  the  ammoniaco-roagnesian  phoapbate. 
Hence  the  original  test,  made  use  of  by  Kirwan,  is  perhaps  to  be  prefecred.  Hydro- 
tulphuret  of  strontia  added  to  a  water  containing  sulphate  of  magnesia  occasions  as 
immediate  precipitate  with  this  salt  and  with  no  other,  provided  the  water  be  previ- 
ously deprived  of  alum,  if  any  be  pre>^nt,  by  means  of  carbonate  of  lime,  and  pro- 
vided, also,  that  it  contain  no  uocombined  acid. 

Sulphate  of  iron  is  inferred,  if  a  solution  of  nut-galls  or  of  ferro-cyanate  of  potaWi 
continue  to  produce  their  usual  ferruginous  reaction  after  the  water  has  beea  boiled 
and  filtered.  _  , 

2.  Muriates. — ^The  most  common  by  far  is  muriate  of  soda,  which,  when  i^  *  ^ 
accompanied  by  a  great  variety  of  substances,  may  be  very  conveniently  detected 
by  crystallization.  For  this  purpose  a  portion  of  the  water  is  evaporated  by  > 
very  gentle  heat,  not  exceeding  80^  or  90^.  As  soon  as  a  pellicle  appears  m  the 
solution,  it  may  be  removed,  and  cautiously  dried  on  bibulous  paper,  and  exam- 
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ined  with  a  magnifier :  the  cubical  form  of  the  crystal  belonging  to  this  salt  will  gene- 
rally be  discoverable.  When  numerous  salts,  however,  are  contained  in  the  same  so- 
lution, it  may  sometimes  be  difficult  to  detect  its  presence  in  this  way.  In  such  ca- 
ses, the  combined  muriatic  acid  must  be  sought  for  by  a  solution  of  nitrate  of  silver, 
taking  cafe  to  add  in  the  first  place  a  few  drops  of  nitrate  of  baryta,  and  allowing  the 
precipitate  to  subside  :*  if  now,  on  the  addition  of  the  solution  of  silver  a  precipitate 
take  place,  a  muriate  may  be  inferred  with  certainty,^— but  whether  it  be  of  8oda» 
potassa,  lime,  or  magnesia,  or  of  several  of  these.  Is  not  certain. 

Separate  tests  must  be  applied  for  these ;  and  the  alkalies,  when  present,  may  be 
distinguished  from  each  other,  by  the  peculiar  salts  which  they  form  with  the  dif- 
ferent acids.  With  tartaric  acid,  soda  forms  a  soluble  salt ;  while  with  potassa,  an 
acidulous  tartrate  is  formed,  of  comparntively  s])aring  solubility.  Muriate  of  plati- 
num aflS)rds  a  still  more  delicate  test,  as  has  been  noticed  above. 

Muriate  of  barjrta  may  be  detected  by  sulphuric  acid,  as  it  is  the  only  barytic  salt 
hitherto  found  in  water. 

Muriate  of  lime  may  be  detected  by  the  following  method : — ^Free  the  water  from 
sulphate  of  lime,  and  other  sulphates,  by  evaporating  It  from  a  considerable  bulk  to 
a  few  ounces,  mixing  it  with  alcohol,  and  adding  last  of  all  nitrate  of  baryta,  as  long 
as  any  precipitate  occurs.  Filter  the  water ;  evaporate  to  dryness ;  treat  the  dry 
mass  with  alcohol ;  evaporate  the  alcohol  to  dryness,  and  dissolve  the  residuum  in 
water.  If  this  solution  give  a  precipitate  with  acetate  of  silver  and  oxalic  acid,  it 
may  contain  muriate  of  Time.  It  must  in  that  case,  contain  it  if  after  bein^  treated 
wiUi  carbonate  of  lime,  it  give  no  precipitate  widi  ammonia.  If  the  liquid  in  the 
receiver  give  a  precipitate  with  nitrate  of  silver*  muriate  of  lime-  existed  in  the 
water. 

Muriate  of  magnesia  may  be  detected  by  separating  all  the  sulphuric  acidi 
by  nitrate  of  baryta.  The  clear  fluid,  separated  from  the  precipitate,  is  evapo- 
rated to  dryness,  and  the  residuum  treated  with  alcohol.  The  alcoholic  solution  is 
then  evaporated  in  turn,  and  the  dry  residue  dissolved  in  water.  The  muriate  of 
magnesia,  if  the  water  contained  any,  will  be  found  in  this  solution.  Let  us  sup- 
pose, that  by  the  tests  formerly  mentioned,  the  presence  of  muriatic  acid,  and  of 
magnesia,  in  this  solution,  has  been  ascertained.  In  that  case,  if  carbonate  of  lime 
aflford  no  precipitate,  and  if  sulphuric  acid  and  evaporation,  together  with  the  addi*> 
tion  of  a  Httle  alcohol,  occasion  no  precipitate,  the  solution  contains  only  muriate  of 
magnesia.  If  these  tests  give  precipitates,  we  must  separate  the  lime  which  is  pre- 
sent, by  sulphuric  acid  and  alcohol,  and  distil  oflT  the  acid  with  which  it  was  com- 
bined. Then  the  magnesia  is  to  be  separated  by  the  oxalic  acid  and  alcohol,  and 
the  acid  with  which  it  was  united  is  to  be  distilled  off*.  If  the  liquid  in  the  retort 
l^ve  a  precipitate  with  nitrate  of  silver,  the  water  contains  muriate  of  magnesia. 

8.  J\f%trates. — ^These  seldom  occur  in  waters.  When  they  do,  they  may  be  de- 
tected in  the  following  manner  t—^ Alkaline  nitrates  may  be  discovered  by  having 
the  water  examined  for  sulphuric  acid  by  means  of  acetate  of  baryta,  and  for  mu- 
riatic add  by  acetate  of  silver.  The  filtered  liquor  is  evaporated  to  dryness  and 
the  dry  mass  treated  with  alcohol.  What  the  alcohol  leaves  undis8<^ved,  must  con- 
mat  only  of  the  alkaline  nitrates,  and  acetate  of  lime.  It  is  dissolved  in  water ;  and 
carbonate  of  magnesia  added,  which  will  occasion  a  precipitate  if  lime  be  present 
The  lime  is  separated  by  farther  additions  of  carbonate  of  magnesia.  The  li- 
quid is  filtered,  evaporated  to  dryness,  and  the  residuum  treated  wim  alcohol.  The 
alcohol  now  leaves  only  the  alkaline  nitrates,  which  may  easily  be  recomized  by 
their  respective  properties.  Nitrate  of  lime  is  detected  by  concentrating  the  water, 
and  mixing  it  with  alcohol  to  separate  the  sulphates.  The  liquid  is  filtered  and  the 
alcohol  distilled  off;  the  muriatic  acid  Is  then  separated  by  the  addition  of  acetate  of 
silver.  The  solution  is  filtered,  evaporated  to  dryness,  and  the  residuum  dissolved 
in  alcohol.  The  dcoholie.  solution  is  evaporated  to  dryness,  and  the  dry  mass  dis- 
solved in  water.  If  this  last  solution  indicates  the  presence  of  lime  by  the  usual 
tests,  the  water  contained  nitrate  of  lime. 

To  detect  nitrate  of  magnesia,  the  water  is  to  be  freed  from  sulphates  and  muri- 
ates, as  above.    The  liquid  thus  purified,  is  to  be  evaporated  to  dryness,  and  the  re- 


*  The  nitrate  of  silver  being  decomposed  by  the  sulphuric  acid. 
4 
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15.  M!Hb«rH^0»Miii».--S«fttrdmliwlbqiiddiattil^ 

■•M  in  a  chvrcoal  cnidble  can  be  reduced  by  ralpharetted  hydrofpeB  to  a  eulpirarot 
of  Miidum.  It  is  eMUy  volatittxed,  and  io  banting  gives  off  the  peculiar  mbttoiate 
of  sUica,  which  has  been  repeatedly  noaced  bcforev^/dsm.  f.  879. 

16.  .irei^ctol  ITUniMarifM.— Pol Tevfaed  quarts  is  te  be  fused  with  four  thnes  iti 
weight  of  carbonate  of  soda,  tlie  mass  ditsolred  in  water  and  tlien  precipitated  by 
muriatic  add ;  thus  a  hydrate  of  silica  will  be  ibrmed.  A  hydrate  of  alumina  b  te 
be  prepared  by  precipitating  alum  by  ammonia.  These  two  earths  are  to  be  care- 
fully washed  with  boiling  water ;  the  proportion  of  dry  earth  in  each  is  then  to  be 
ascertained  by  tieating  a  small  quantity  and  weighing  it.  The  hydrate  of  riliea  used 
bv  M.  Gmelin,  the  dlsoorerer  of  the  procesa  eontalMd  66  per  cent  and  the  hydrate 
of  alumina  &J4  per  cent.  As  much  hydrate  of  silica  is  then  to  be  dissolved  in  a  hot 
solulioB  of  caustic  seda  as  it  will  take  up,  and  the  quantity  determined ;  then  such 
proportion  is  to  be  taken  as  contains  72  parts  of  snbydrous  siHca  and  a  quantity  of 
the  hydrate  of  alumina,  equivalent  to  70  parts  of  dry  alumina  added  to  it,  and  the 
whole  evaporated  together,  being  oontinuahy  stirred,  untU  it  becomes  a  damp  pow- 
der. 

This  combination  of  silica,  alumina,  and  seda  is  the  basis  of  the  ultramarine,  and 
is  BOW  to  be  colored  by  a  sulphuret  of  sodium,  in  the  ibltowing  manner.  A  misturs 
of  two  parts  of  sulphur,  with  one  part  of  anhydrous  carbonate  of  soda,  is  to  be  pat 
into  a  liessian  crucible,  covered  up  and  then  gradually  raised  to  a  red  heat  until  it  is 
well  fused ;  then  the  miiture  id  to  be  thrown  in  very  small  quaatites  at  a  time  ints 
the  fused  mass.  As  soon  as  the  eflfervescence  occasioned  by  tiw  water  in  one  por- 
tion has  ceased,  another  portion  is  to  be  added.  Having  retained  the  crucible  at  a 
moderate  red  heat  lor  an  hour,  it  is  to  be  removed  from  the  fire  and  allowed  to  cool.  It 
now  contains  ultramarine,  mixed  with  excess  of  sulphuret :  the  latter  may  be  sep- 
arated by  water.  If  sul|^ur  is  in  excess,  a  moderate  heat  will  disripate  It.  If  all 
^e  parte  are  not  equally  colored  a  selection  should  be  made,  and  then  the  eobetanea 
reduced  to  fine  powder. — Ann,  de  C%if»i.  xxxvii.  409. 

17.  J>rewproeea$for  Mainmg  JMlda. — M.  Quesneville  Jun.  gives  the  foUow- 
'  as  a  good  method  of  separating  llthia.  Take  one  part  of  spodumene,  levicated, 
1  mix  it  accurately  with  two  parte  of  powdered  litharge :  put  the  mixture  mto  a 


lug  as  a  good  method  of  separating  llthia.  Take  one  part  of  spodumene,  levicated, 
aiM  mix  it  accurately  with  two  parte  of  powdered  litharge :  put  the  mixture  mto  a 
crucible  and  expose  It  to  a  white  heat.  In  about  a  quarter  oi^an  hour,  the  mam  is 
perfectly  AuU :  when  cool,  it  Is  finely  powdered  and  nitric  acid  is  added  to  it  £»•  the 

aiaration  of  the  silica ;  tlie  nitrate  oi  lead  k  predpiteted  by  sulphuric  add,  and  the 
ution  evaporated  to  drynem  to  expel  all  the  nitric  acid.  The  dry  mass  is  treated 
with  water;  and  the  alumina  and  other  metallic  oxides  precipitated  by  ammonia; 
after  which  carbonate  of  ammonia  is  added  to  predpitote  the  lime  and  magnesia. 
The  sdutloB  is  then  filtered  and  eraporated  to  dryness.  The  residue  is  strongly  heat- 
ed to  expel  the  ammoniacal  saite ;  this  operation  must  not  be  perfiDrmed  m  a  phti- 
»um  crudble,  as  it  would  be  acted  upon ;  a  porcelain  one  is  therefive  employed. 
The  calcined  residuum  is  treated  with  water,  and  all  the  sulphuric  add  precipitated 
by  bavyte;  the  filtered  liquor  when  evaporated  gives  pure  llthia. — Jour,  de  PAor- 
nuuie,  Jtout.  1880. 

18.  Mum  with  lUhia  a$id  €hrome. — ^Kralowanszky  has  Ibrmed  a  lithia  alum,  hav- 
ing precisely  the  same  composition  as  those  already  known.  Fisher  has  also  dis- 
covered a  chrome  alum  in  which  the  green  oxide  of  chrome  tekes  the  place  of  the 
alumina  in  the  other  alums.  Hence  it  appears,  that  lithia  is  isomorphous  with  the 
other  alkalies,  and  the  tritoxide  of  chromium  and  aluminium  are  probably  isomor- 
phous also.— ffiin.  Jour.  Setcncc,  No.  v,  N.  8.  p.  24. 

19.  Te9t  ttfpctOMM  by  nitkH  hrfort  the  Uay^npe. — Dissolve  the  oxide  of  nickd 
in  borax  by  heat,  and  add  to  the  vitreous  matter  before  the  blowpipe  a  little  nitre, 
feldi^ar  or  other  body  containing  potash,  and  a  blue  glass  is  instantly  obteined.  The 
presence  of  soda  does  not  prevent  this  action.  The  nitrate  or  oxalate  of  nickd  may 
be  employed,  but  it  must  be  ascertained*  that  cobalt  is  not  present 

20.  Fermie  acid  is  obtained  in  a  sUte  of  great  purity  by  distilling  alcohd  with  sul- 
phuric add  and  peroxide  of  manganese ;  but  in  order  to  prevent  the  formatiott  of 
sulphuric  eAer,  tt  is  proper  to  employ  weak  alcohd,  or  common  brandy. — Jinn,  ie 
CSktni.  J^.  1830, 

21.  JliMUie  aeid M.  M.  Wohler  ahd  liebig  find  that  melKtete  of  silver,  when 

dry*  gi^es  no  trace  of  water,  or  a  hydrogenous  product,  by  distillation :  nor  even 
crhen  burnt  by  means  of  oxide  of  copper.    They  also  find  it  to  be  destitute  of  axote ; 
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lor  the  gateouf  products  of  kf  eompodtkm  are  totelly  ebforbeble  bv  pottne.  OMS 
gremmec  of  meUitate  of  allver=0.07058  of  melUtic  add  gave  66  cubical  ceDtimetrea 
of  carbonic  add  gas;  from  which  the  compodtieD  oiay  be  calcnkted  at  90.21  carboo, 
and  49  79  oxygen  per  cent  Then  calculating,  frmn  the  known  equivalent  number 
of  meUitie  add  (62.8)  the  substance  would  appear  to  be  c<Nnposed  of 

4  atoms  carbon 8.06748 

8    ••      oxygen, 8.00000 

6.06748 
On  comparing  the  compodHoo  of  mellitic  add  with  that  of  sucdnic  add,  it  ap- 
pears that  tlM  only  difierence  is,  in  the  lact  that  the  latter  contams  hydrogen ;  and 
that  if  the  latter  be  theoretlcaiJy  abstracted,  there  remdn  the  elements  of  mellitie 
add  in  true  proportions.  It  is  probable  therefore,  that  melUtle  acid  may  be  derived 
from  the  decompodtion  of  .^succinic  add,  which  as  we  Imow  is  often  found  in  IbssU 
wood,  although  amber  is  wanting  where  the  melllte  is  fiMind.— ii^fiti.  de  Chim.  zlilL 
p.  200.  « 

22.  Sesqui-oxide  qf  lead, — Fischer  discovered  that  red  lead  diswlves  in  concen- 
trated acetic  add,  riving  a  clear  colorless  solution,  which  in  a  close  vessel  under- 
goes no  change,  water  decomposes  it  and  throws  down  a  brown  oxide.  BeraeUns, 
repeating  the  experiment,  found  Uiat  a  smdl  quantity  of  add  converted  the  mini- 
um into  a  colorless  sdt,  while  a  larger  quantity  dissolved  it  Heat  threw  down  tib« 
brown  oxide  without  previous  dilution.  Hence  it  is  inferred  that  red  lead  is  not  as 
eome  have  supposed,  a  compound  of  two  oxides ;  but  a  sesqui-oxide  of  lead.— /dem. 

23.  8ulpkuret»  nf  Xeaif. —Budberg  has  shown,  that  lead  has  two  lower  degrees 
of  sulphurization  than  those  formerly  Icnown.  One  of  these  is  obtdned  when  21^ 
parts  of  sulphuret  of  lead  (atom  to  atom,^  are  mixed  with  21.6  of  lead  in  fine  grains 
and  melted  ior  16  minutes  under  glass  of  borax.  Its  fracture  is  crystalline  and  scaly, 
and  it  is  so  soft  that  it  can  be  beaten  out  under  the  hammer  without  breaking.  It  is  a 
di-sttlphuret  of  lead.  The  other  is  obtuned  by  melting  the  same  mixture  in  the 
open  dr  without  glass  of  borsx.  Its  fracture  is  fine  grdned,  it  is  still  more  malleable 
than  the  former,  and  it  is  also  sectile.  It  contdns  only  half  as  much  sulphur  as  the 
former.  He  has  diown,  also,  that  the  mixed  ores  known  in  Germany  by  the  names 
of  stein,  bleistein,  kupferrmteln,  dunnstein,  &c.  oontdn  the  protosulphuret  oS. 
iron  combined  in  exact  chemical  proportfons  with  the  former  of  these,  the  di-sulphu- 
ret  with  the  di-sulphuret  of  copper,  and  occadonally  a  proportion  of  zinc.  The  known 
sulphurets  of  lead  are,  therefore. 

The  protosulphuret  s=  1  atom  sulphur-}- 1  atom  lead,  the  common  galena, 
Di-sulphuret    =1  4*^ 

Tetrasulphuret  =s  I  4-4  /dsm. 

24.  Redueti(n\  of  Sulphuret  of  j2;s«i»tc.— Liebig  has  perfected  the  detection  of 
sulphuret  of  arsenic.  He  draws  out  a  fine  tube,  as  for  the  reduction  of  arsenious 
acid  by  charcoal,  drops  into  it  a  minute  fragment  of  the  sulphuret,  and  covers  it  two 
or  three  lines  deep  with  carbonized  acetate  of  lime.  Immediately  on  heating  it,  the 
arsenic  is  deposited  in  the  metallic  state  on  the  upper  portion  of  the  tube. 

26.  Fulmmating  Siher. — Mitscherlich's  mode  or  preparing  this  substance  is 
very  simple.  He  dissolves  a  silver  salt  in  caustic  ammonia  to  saturation,  and  adds 
caustic  potassa  in  excess.  The  fulminating  powder  falls  immediately,  and  more  is  ob- 
tained by  heating  till  the  ammonia  is  driven  off. — Edin,  Jour.  1880. 

26^  hqmorphoua  Adds. — Mitscherlich  has  shown  that  the  sulphuric,  selenic, 
and  chromic  acids  are  isoroorphous,  giving  salts  of  the  same  tbrm  where  the  bases 
and  the  quantity  of  water  is  the  same. 

27.  J^Tew  Chromic  Add.-^Thln  ereen  acid,  described  by  Koechlin,  is  shown  by 
Berzelius  to  be  a  bi-tartrate,  which.  Tike  many  other  tartrates,  is  not  precipitated  by  al- 
kalies, but  gives  with  them  crystallized  double  salts.— -.Sdm.  Jour.  Science,  J^o.  iv. 
JV.S.  p.  19. 

28.  Atomic  weights  of  rare  Petals.— According  to  Berzelius,  these  weights^  de- 
termined from  the  decomposition  of  the  double  salts,  are  as  follows : 

Platinum  and  Iridium,  ....  1283.427 

Osmium,       ......  1244.22 

Rhodium,  .  .  .  •  .  66138 

Palladium, 665.784 

Idem. 
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99.  Oandm  if  iridium,  Qfwiiiw,  MmIhim,  amd  Pafladtuwi.— Iridiua  b»  4 

oxidM: 

Protoiida       &=  1  iridium     .....  +1  oayfetn. 

SeM|ui-ozide  s  2    do +  8     do. 

Deutoxide      s  1    da +  2     do. 

Tritoiide        s  1    do +  8     do. 

Oimium,  (who^e  fp.  gr.  is  about  |0,)  forms  5  oxides. 

Protoxide        =  1  osmium +1  oxygen. 

Sesqui-oxide  «=  2      do +  3       do. 

Deutoxide      »  1    do +  2      do. 

Tritoxide        »  1    do +  8      do. 

Osmic  Acid     s=  1    do +  4      do. 

RlMidium  has  two  oxides : 

Protoxide       b  1  rhodium,  .  +  1  oxygen. 

Tritoxide        s=  1      do +  8       do. 

These  combine  in  various  proportions,  but  no  distinct  deutoxide  has  been  ob- 
tained.   Palladium  has  two  oxides : 

Protoxide      ss  1  palladium +1  oxygen. 

Deutoxide     s  1      do. +  2      do. 

80.  CarbureU,  Suiphuret$t  and  Pho^pkyreU  of  Iridium  and  Osmsicm.— Caiboa 
and  iridium  combine  with  great  easie,  forming  a  quadri-carburet  of  iridium. 

Sulphurets  of  iridium  are  obtained  on  decomposing  the  chlorides  by  sulphuretted 
hydrogen.  They  dissolve  with  ease  in  nitric  acid,  forming  sulpho-saliB.  By  a  red 
beat  they  are  converted  into  sub-sulphurets. 

Osmium  has  as  many  sulphurets  as  oxides,  which  may  be  formed  either  by  the 
humid  or  by  the  dry  way.  Those  with  less  sulphur,  obtained  by  precipitatkm  ars 
yellow,  and  partly  soluble  in  water :  that  with  the  most  sulphur  is  thrown  dowa 
completely  from  an  acid  solution. 

Iridium  and  osmium  combine  with  phosphorus.  The  phosphate  of  iridium  is  grey 
that  of  osmium  resembles  the  metal,  but  is  not  volatile  \  leavings  when  heated  a  sab- 
sulphate  of  osmium. — Idem. 

81.  So/to  of  Iridium,  Oimium^  Mhodium,  and  FaUadium.— Iridium  unites  with 
chlorine  in  four  proportions,  forming  a  chloride,  a  sesqui-chloride,  a  bi-chloride,  and 
a  ter-ehloride,  analasous  to  the  oxides.  Berzelius  has  formed  and  analyxed  a  series 
of  double  salts,  consututed  as  follows : 

1  atom  chloride  of  potassium  .    +  1  atom  chloride  of  iridium. 

I    do.        do.          ammonium,*  +  1    do.      do.            do. 

1    do.        do.         potassium,  .    +  1    do.  sesqui-chlorideofdo. 

1    do.        do.             do.           .  .        +  i    do.  bichloride             do. 

1    do.        do.        ammonium,^    .  .    +  1    do.        do.                   do. 

1    do.        do.        sodium,        •  4-1    do.  of  iridium, +  €  water. 

1  do.        do.        potassium,  .    +  1    ter-chloride  ojf  iridium. 
The  fourth  of  these  is  the  common  double  salt  formerly  known. 

Osmium  combines  with  chlorine  in  the  same  proportions  as  iridium,  and  form 
double  salts  of  the  same  appearance,  and  composition  as  those  above  mentioned. 

The  red  double  salts  of  rhodium  with  potassium  and  sodium,  are  unlike  in  compo- 
sition.   They  are  composed  of 

8  chloride  of  sodium        +  1  terchloHde  of  rhodium        +  18  water. 

2  do.  potassium,  +  1      do.  do.  +    1    do. 
Of  Palladium,  Berzeliuti  has  formed  two  new  double  salts,  consisting  of 

1  atom  chloride  of  potassium,       +  1  bi-chloride  of  palladium. 
1     do.        do.  Ammonia,       +  1   chloride  do. 

The  Utter  compound  is  obtained  by  treating  chloride  of  palladium  with  caustic 
ammonia,  and  evaporating. — Idem. 

82.  On  the  proweHon  of  magnetism  by  Friction, — Friction  has  Ions  been  known 
to  be  capable  of  producing  magnetism,  but  it  was  not  supposed  to  be  efficacious,  un- 
less  upon  iron,  either  magnetized  or  in  a  neutral  state.  M.  Haldat  has,  however, 
found  that  all  iund  bodies  may,  by  means  of  friction,  assist  in  Uie  decompositioo  of  the 

*  Prof.  Berzelius  admits  this  base,  which  has  not  been  recognized  by  moit 
chemists. 
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magnetic  Atti4,  if  their  aetioQ  is  promoted  by  the  combined  action  of  magneti,  which 
by  themaelves,  are  incapable  of  producing  it.  To  prove  this,  take  a  piece  of  soft 
iron  wire  about  4  inches  long  and  l-25th  of  an  inch  in  diameter.  If  this  wire  is  pla- 
ced horizontally  between  two  bar  magnets,  with  their  opposite  poles  facin^^  one 
ano^er,  and  at  such  a  distance  that  it  cannot  be  magnetized,  it  will  receive  distinct 
magnetism  by  friction  with  all  hard  bodies,  such  as  copper,  brass,  zinc,  glass,  hard 
woods  Bic.'-Jinn  de  Chim.  xlil.  p.  41. 

88.  Carbonate  and  acetate  of  Coppfr.— Oay-Lussac  has  shown  that  the  black 
powder  obtained  from  the  carbonate,  and  the  brown  from  the  acetate,  by  boiling  in 
water,  are  only  oxide  of  copper. — Idem.  Vol.  xxxviii.  p.  886. 

34.  JVotiees  of  Iodine  and  Bromine  in  the  United  Statet. 

The  first  published  notice  that  I  have  met  with  of  the  discovery  of  iodine  in  this 
country,  is  contained  in  the  American  Journal,  Vol.  xvi,  postscript  to  No.  I.  It  is 
stated  by  Prof.  Griscom,  that  Dr.  William  Uaher  obtained  the  characteristic  blue 
color,  by  adding  a  solution  of  starch  and  a  little  sulphuric  acid  to  the  water  of  the 
Congress  spring,  Saratoga,  evaporated  to  one  twelfth  of  its  volume ;  a  solution  of 
chlorine  discharged  the  color. 

In  the  2d  No.  of  the  same  volume  of  the  American  Journal,  Dr.  J.  H.  Steel,  of 
Saratoga  springs,  published  an  analysis  of  the  above  water,  in  which  he  states  its 
composition  as  being  muriate  of  soda  297.8  grs.,  hydriodate  of  soda  8-,  carbonate  of 
soda  19.21,  carbonate  of  lime  92.4,  carbonate  of  magnesia  28.1,  oxide  of  iron  6.89, 
with  a  minute  proportion  of  silica  and  alumina. 

Iodine  was  discovered  by  Prof.  J.  P.  Emmet,  Univ.  of  Virginia,  in  the  Kenawha 
taline  waters,  Virginia;  it  exuts  in  small  proportion.* 

Bromine. — I  believe  that  the  first  instance  in  which  bromine  was  discovered  ii^ 
this  coiintrv  was  by  myself,  in  the  bittern  of  Salina,  New  York ;  it  exists  apparent- 
ly in  considerable  proportion  in  that  water.t 

Bromine  was  discovered  also  by  Mr.  A.  A.  Hayes,  in  the  waters  of  Saratoga  sprinn, 
the  same  that  had  afforded  the  iodine  to  Dr.  Usher  and  to  Dr.  Steel.  Tlra  bromine 
is  in  very  small  quantity,  and  Mi*.  Hayes  proposes  the  following  method  of  detecting 
iodine  and  bromine.  A  few  drops  of  pure  water  are  mixed,  in  a  conical  glass,  with 
a  drop  of  sulphuric  acid  and  hair  a  volume  of  cold  solution  of  starch ;  a  few  babbles 
of  chlorine  are  then  passed  through  the  mixture  and  the  starch  is  allowed  to  subside. 
A  glass  rod,  dipped  in  the  fluid  to  be  examined,  being  brought  to  the  surface  of  the 
fluid  in  the  glass,  dense  orange  colored  striae  descend  from  the  rod  and  rest  for  some 
time  on  the  starch,  if  bromine  alone  be  present ;  it  there  u  iodine  also,  there  are  ad- 
ditional striae  of  deep  blue ;  in  a  few  seconds  the  blue  disappears  and  the  yellow  of 
the  bromic  solution  remains ;  very  minute  quantities  can  thus  be  disGOvered.t 

Bromine,  in  considerable  quantity,  was  discovered  by  Prof.  Emmet,  in  the  Ke- 
nawha  water,  that  contained  the  iodine  already  mentioned. 

Test  for  bromine  in  saline  toaters. — Evaporate  and  crystallize  most  of  the  salts, 
and  place  some  of  the  filtered  fluid  in  a  narrow  tube ;  add  a  few  drops  of  strong 
liquid  chlorine,  and  an  orange  color  will  be  perceived,  which  finally  vanishes  and 
disappears ;  the  water  should  be  free  from  organic  matter  and  chlorine  should  not 
be  used  in  excess.-^ Loewig's  Monograph,  Heidelberg—Journal  qfthe  Philadelphia 
College  of  Pharmacy. 

86.  Cold  at  Melville  Island,  lAP  4nt,  N.  Lat,  110«>  48'  W.  Long,  of  Gr. 

From  November  to  March,  inclusive,  the  thermometer  was  occasionally  as  low 
as  — 60^  and  at  some  distance  from  the  ship  — 65^ ;  in  October  it  sank  to  — 28^,  and 
in  May  to  — 4°.  In  January  it  was  never  above  — 2^  and  in  February  — 17^.  It 
froze  duiing  every  month.    The  maximum  of  July  was  60^,  from  May  to  Septem- 


'  Am.  Jour.  Vol.  xvui,  p.  260.  t  Id.  p.  142.  \  Id.  p.  143. 


40 


ADDENDA. 


ber  inclaaive,  the  mazimoa  w«t  above  92^;  hisbeat  obaerred 
loweat,  60O  or  SS^*,  range,  110<»  or  115<>.— T.  on  H.  and  £. 


tmCLXitHWn*      ^Btntflillfll. 

jHimnHM*. 

January 

—  2? 

—470 

July 

+«oo 

+»* 

February 

—17 

— W 

Auguat       . 

+45 

+22 

March 

.      -+  6 

—40 

September  . 

+87 

—  1 

r 

+82 

—82 

October 

+17.6 

—28 

+47 

—  4 

NoTember . 

+  6 

—47 

June 

+51 

+28 

December  . 

+  6 

—48 

86.  S^eeifu  heat  if  mercury. -^Dr.  Thoniaon,  (on  H,  and  E.)  p.  66,  states  it  at  ^ 
tfiat  of  water ;  it  has  been  usually  stated  at  ^  or  ^j,  Vol.  I,  p.  121,  of  this  work. 

87.  Sjpecifie  heat  of  goset.*— Under  the  same  pressure,  the  same  Tolumes  of  all 
gases  have  the  same  specific  heat,  and  the  specific  heats  of  the  gases  in  equal  weights, 
are  inversely  as  their  specific  gravities. 


Gaeee. 

Specific  heat. 

Oaeea, 

SpedfieheaJt. 

Oxygen  ga$ 

1. 

Sulphur  vapor 

1. 

Hydrogen 

16. 

Sulphuretted  hydrDgen 

0^4118 

Carbon  vapor 

2.66 

Muriatic  acid 

0.86486 

Carburetted  hydrogen 

2.00 

Carbonic  add 

Ammor^a 

1.8824 

Protoxide  of  azote 

Steam 

1.7778 

Cyanogen 

0.61688 

Phosphorus  vapor . 

1,3883 

Sulphurous  acid    . 

0.5 

Phosphuretted  hydrogen 

1.2807 

Chlorine 

0.44444 

Hydrocyanic  acid  vapor 

1.1862 

Sulphuret  of  carbon  vapoi 

0.42106 

AzoUc  gas 

1.1429 

Sulphuric  acid  vapor 

0.4 

Olefiant  gas 

1.1429 

Hydriodicacid 

0.256 

Carbonic^  oxide 
Deutoilde  of  azote 

1.1429 

Iodine  vapor 

0.12908 

1.0666 

88.  Conducting  power  of  metaiUA 


Conducting  power. 

Cottdueting  power. 

Gold 

100. 

Tin 

80.38 

Platinum 

98.1 

Lead 

17^ 

Silver 

97.8 

Marble 

2.S4 

Copper 

89.82 

Porcelain 

.  -    .                   1.22 

Iron 

87.41 

Brick  earth   . 

1.13 

Zinc 

86.37 

It  is  obvious  that  these  results  are  very  discordant  with  previous  opinions,  and 
some  of  them  with  known  facts,  such  as  the  slowness  with  which  heat  passes  through 
platinum,  and  the  rapidity  with  which  it  passes  through  silver. 

39.  Cooling  ofhodiee.X — In  a  perfect  vacuum  the  heat  escapes  by  radiation  only; 
this  exists  to  the  same  amount  in  the  air  which  also  condacta  heat  away,  and  in 
both  cases  the  rapidity  of  cooling  is  influenced  by  the  nature  of  the  surface,  whieh 
however,  does  not  alfect  the  coi^ucting  power  of  the  air  or  gas.  The  radiation  is 
the  same  whatever  may  be  the  elastic  fluid  that  surrounds  the  hot  body. 

40.  Hoarfrost  on  the  inside  of  windows. — This  is  now  imputed  more  to  the  radia- 
tion from  the  exterior  sur&ce  of  the  glass  than  to  the  direct  cooling  effect  of  the  air 
by  mere  contact ;  this  deposition,  ceteris  paribus,  is  the  greatest  when  the  shutters 
are  closed,  which  prevents  the  return  of  heat  by  radiation  from  other  parts  of  tho 
room. — T.  on  H.  and  £. 


*  Thomson,  on  the  authority  of  Haycraft,  and  Marcet,  and  do  la  Rive. 

t  Despretz,  Ann.  de  Ch.  et  de  Ph.  Vol.  xix,  p.  47.  t  Petit  and  Dulong. 
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TABLE  or   BXPANSIOir/ 


Substances  tried. 


Antimony 
Bismuth 
Brass     .     .     . 

cast  .     . 

wire 

16,  tin  1 


Copper 


hammered 


Glass  tube  without  lead  (crown) 
'  white  barom.    .     . 


■  rod 


English  flint 

-^  crown     .     . 
—  tube  .     .     • 


Gold,  Paris  standard,  not  softened 

'  pure 

Iron 


-  cast  (prism) 
-hammered   . 


•wire 


Lead 

Ditto 

Pewter,  fine 

Palladium 

Platinum 

Ditto 

Ditto 

Silver,  Paris  standard  .     .     . 

Ditto 

Solder,  soft,  (lead  3,  tin  1) .     . 

'  spelter,  (brass  2,  zinc  1) 

Speculum  metal 

Steel,  hard 

' —  ditto 

—  soft 

—  tempered 

Tin,  Falmouth     .     .     .     .     . 

-—Malacca 

—  Grain. 


Zinc 


•  hammered  half  inch  per  ft. 


Authority. 


Dilatation  in 
decimal8+  the 
orifjrioal  length 


Smeaton 
Ditto    . 
Lavoisier  ^  Laplace 
Smeaton  .     .     . 
Ditto    «... 
Ditto    .... 
Lavoisier       .     . 
Smeaton  .     .     . 
Petit  and  Dulong 
Lavoisier       .     . 
Smeaton  .     .     . 
General  Roy 
Ditto    .... 
Lavoisier .     .     . 
Ditto    .... 
Petit  and  Dulong 
Lavoisier .     .     . 
Ditto    .... 
Smeaton  .     .     . 
Petit  and  Dulong 
General  Roy 
Lavoisier 
Ditto    . 
Ditto    . 
Smeaton 
Ditto    . 
Wollaston 
Troughton 
Borda  .     . 
Petit  and  Dulong 
Lavoisier 
Troughton 
Smeaton 
Ditto    . 
Ditto    . 
Lavoisier 
Smeaton 
Lavoisier 
Ditto    . 
Lavoisier 
Ditto    . 
Smeaton 
Ditto    . 
Ditto    . 


dil.in 
vulg. 
fract. 


1.00108300 

1.00139200 

1.00186671 

1.00187500 

1.00193000 

1.00190800 

1.00172244 

1.00170000 

1.00171821 

1.00087572 

1.00083000 

1.00077615 

1.00080787 

1.00081166 

1.00089760 

1.00086130 

1.00155155 

1.00146606 

1.00125800 

1.00118203 

1.00110940 

1.00122045 

1.00123504 

1.00284836 

1.00286700 

1.002283 

1. 0010000 

1.00099180 

1.00085655 

1.0088420 

1.00190868 

1.0020826 

1.0025080 

1.0020580 

1.00193300 

1.00107875 

1.00122500 

1.00107956 

L00123956 

1.00217298 

1,00193765 

1.00248300 

L00294200 

1.00301100 


TJ3 

1 
Tfa 

ail 

lij 

tAt 

TTTT 

tAt 

jfis 

lie 

jh 

vir 

rh 

ih 

tIt 

lij 

tJt 

tjV» 

tjVt 

tiVt 

ttVt 

Th 
ik 
1h 

rhr 
^\- 


•  N.  B.— The  linear  expansion,  by  being  heated  from  82®  to  212°  Faht.  is  here  to 
be  understood.  The  expan^ioD  in  volume,  may  be  learned,  by  multiplying  the  de- 
cimal quantities  by  8,  or  dividing  the  denominators  of  the  vulgar  fractions  by  8. 

Jaenry 
6 
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41.  Fortt  of  Vapor. ~\t  U  tUM  pp.  87  and  88,  and  105,  Vol.  1,  that  the  force  of 
vapor  formed  at  the  boiling  point  is  the  same  in  all  fluids,  and  just  equals  tiie  piesi' 
tire  of  the  atmosphere,  that  Is  thirty  inches  of  mercury ;  this  law  appears  to  be  ful- 
ly established. 

it  was  atfso  stated  in  (he  same  connexion  that  the  force  of  vapor  is  the  same  kit 
every  fluid  at  an  equal  number  of  degrees  above  and  below  its  boiling  point.  Both 
these  laws  wcie  originally  given  on  the  authority  of  Mr.  Dalton,  which  was  sus- 
tained by  (hat  of  other  eminent  philosophers.  Dr.  Turner,  in  the  second  edition  of  hii 
Chemistry,  (third  Am.  p.  61.)  says, — **  tlie  force  of  vapor  from  all  liquids  i^  the 
same,  at  equal  distances  above  or  below  the  several  temperatures  at  which  they 
boil  in  the  open  air.  Thus  steam  at  200^  F.,  has  the  same  elasticity  as  the  vapor  of 
ether  at  85°,  the  boiling  point  of  the  former  being  212<>,  and  of  tlie  latter  97^  Biot 
and  Amed6  Berthollet  (Riot.  Traite  de  Ph.  1,  282  )  have  found  thatithis  law  applies 
exactly  to  many  other  liquids ;  but  some  experiments  on  the  oil  of  turpentine  aad 
petrolium,  would  load  to  the  conclusion  that  it  is  not  universal."  Dr.  Thomson  (On 
Heat  and  Electricity, p.  222.)  states  that  by  subsequent  experiments,  the  second  Uw 
of  Mr.  Dalton  has  not  boon  found  to  hold  good,  and  that  it  nas  been  relinquished  by 
its  author.  At  the  time  when  my  statement  of  those  laws  was  written  and  printed, 
neither  the  second  English  edition  of  Dr.  Turner  had  appeared  nor  the  work  of  Dr. 
Thomson,  nor  the  eleventh  edition  of  Henry*  in  which  the  correction  of  the  law  ii 
thus  stated :  y 

**  The  force  of  vapor  from  different  liquids  varies  at  the  same  temperature,*^  and 
•  "  the  variation  of  the  force  of  vapor,  from  all  liquids,  is  the  same  for  the  same  w- 
riation  qf  temperature,  reckoning  from  vapor  of  any  given  force  ;**  thus  meas' 
uring  the  force  of  all  liquids  at  the  boiling  point  by  thirty  inches  of  mercury,  it  n 
found  that  by  losing  80^  of  heat  from  212*^,  the  vapor  of  water  loses  half  its  force, 
and  so  the  vapor  of  any  other  liquid  loses  half  its  force,  by  losing  30^  of  heat  be- 
low its  boiling  point,  and  to  on  for  any  other  increment  or  decrement  of  heat; 
this  has  been  experimentally  established  by  Mr.  Dalton. 


Temperatures 

by  the  com-* 

mon  tliermo- 

meter. 

Ether  vapor, 
ratio  2, 

specific  grav- 
ity .72. 

Sulphuret  of 

carbon  vapor, 

ratio  1.978. 

Inch.  mere. 

inch.  mere. 

70 

3.75 

3.134 

85 

7.6 

6.20 

65+ 

15. 

12.26 

97 

30. 

24.26 

188 

60. 

48. 

178 

120. 

220 

2^10. 

•  • 

272 

340 

Alcohol  vapor, 
rAtio  2.7, 

AceUc  add 

1 
Water,    . 

specific  grav- 
ity .82. 

ratio  2.57. 

raUo  2.602. 1 

Inch.  mere. 

Inch.  mere. 

inch.  mere. 

.193 

,  , 

.11 

.660  . 

.27 

.29 

1.51 

.69 

.75 

4.07 

1.77 

1.96 

U.OO 

4.54 

6.07 

29.70 

11.7 

18.18 

80.2 

SO. 

84.2 

SS3       ' 

281.0 

The  above  is  an  improved  and  extended  table  of  the  force  of  vapor.  It  shoirs  that 
the  different  vapors  increase  in  force  in  geometrical  progression,  to  certain  intervals 
of  temperature,  the  same  to  most  or  all  liquids.  These  intervals  of  temperature  were 
presumed  in  a  former  table  to  be  in  reality  equal  (o  one  another;  but  the  accuracy 
of  this  last  notion  has  been  questioned. 

42.  Elasticity  of  High  iS'leaiR.t^ Instead  of  the  tables  heretofore  given  in  chem- 
ical works,  I  now  copy  that  drawn  up  by  Messrs.  Prony,  Arago,  Gerard  and  Duloog 
as  the  results  of  very  arduous  and  dangerous  experimental  investigation  undertaken 
at  the  instance  of  the  French  Government,  in  relation  to  the  safety  of  steam  boilers 


Vol.  i,  p.  128-9  Lend.  Edit. 


t  Ann.  de  Ch.  et  de  Ph.  xUil,  74. 
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The  followiog  Ubie  eihibiu  the  elasticity  of  steam  at  various  temperatures,  till  it 
amouots  to  24  atmospheres.  An  atmosphere  is  measured  by  a  column  of  mercury  of 
29.922  inches  (0.76  metre),  which  has  bcenadopted  in  France  as  the  mean  height  of 
the  barometer  at  the  surface  of  the  sea. 


Elasticity  qf  steam,  the 

Elasticity  of  steam,  the 
pressure  of  the  atmos- 

Corresponding 

pressure  of  the  atmos' 

temp,  in  deg.  of 

temp,  in  de^.  of 

phere  being  1. 

Fahrenheit, 

phere  being  1. 

Fahrenheit. 

1 

212° 

13 

380.66° 

H 

234 

14 

386.94 

2 

250.6 

15 

392.86 

2i 

263.8 

16 

398.48 

3 

275.2 

17 

403.83 

3^ 

285 

18 

408.92 

4 

293.7 

19 

418.78 

H 

300.3 

20 

418.46 

5 

307.5 

21 

422.96 

H 

314.24 

22 

427.28 

6 

320.36 

23 

431.42 

6i 

826.26 

24 

435.56 

7 

Ml  7 

OOlmi 

336.86 

25 

439.34 

8 

341.78 

30 

457  16 

9 

350.78 

35 

472.73 

10 

358.88 

40 

486.59 

11 

366.85 

45 

499.14 

12 

374 

50 

610.6 

Tlie  last  six  temperatures  In  the  table  are  deduced  by  calculation. 

This  table  of  the  French  Academicians  constitutes  a  precious  addition  to  our  knowl- 
edge of  the  elasticity  of  steam.  The  experiments,  which  were  conducted  by  Du- 
long  and  Arago,  constitute  some  of  the  most  difficult  and  even  dangerous  for  which 
science  is' indebted  to  the  zeal  and  intrepidity  of  philosophers.  Mercury,  by  (he 
elasticity  of  the  steam,  was  forced  up  a  tube  of  glass  to  the  height  of  42.6517  feet. 
The  diameter  of  the  tube  was  0.1968  inches.  They  took  the  opportunity  of  subject- 
ing common  air  to  the  pressure  of  from  1  to  24  atmospheres,  and  found  uiat  the  Boy- 
lean  law,  namely,  that  the  bulk  diminishes  as  the  pressure  increases,  holds  as  far  as 
twenty-four  atmospheres. — Dr.  Thomson  on  Heat  and  Electricity. 

For  the  entire  report,  see  Ann.  de  Ch.  et  de  Ph.  Vol.  xliii.  p.  74,  before  cited. 
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TAB1.B  OP    AFriMITIES. 


OXYGEN. 

Metallic  bases  of 
the  alkalies  and 
earth.^. 

Carbon 

Mttnganese 

Zinc 

Iron 

Tin 

Hydrogen 

Antiinony 

Phosphorus 

iSulphur 

Arsenic 

Cobalt 

Nickel 

Copper 

Bismuth 

Mercury 

Silver 

Gold 

Platinum 


NITROOEir. 

Oiygen 
Hydrogen 


HTDROGElf. 

Oxyeen 

Sulphur 

Carbon 

Phosphorus 

Nitrogen 


CARBON. 

Oxygen 

Iron 

Hydrogen 


SULPHUR. 

Oxygen 

Potassa 

Soda 

Iron 

Copper 

Tin 

Lead 

Silver 

Bismuth 

Antimony 

Quicksilver 

Arsenic 

Molybdenum 

Tellurium 


Muriatic 

Phosphoric 

Fluoric 

Oxalic 

Tartaric 

Arsenic 

Succinic 

Citric 

Benzoic 

Sulphurous 

Acetic 

Saccho-lactJc 

Boracic 

Nitrous 

Carbonic 

Prussic 
Oil 

Water 
Sulphur 


BARYTA. 

Acids 

Sulphuric 

Oxalic 

Succinic 

Fluoric 

Phosphoric 

Saccho-lactic 

Nitric 

Muriatic 

Citric 

Tartaric 

Arsenic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 


BTROIVTIA. 

Acids 

Sulphuric 
!  Phosphoric 
I  Oxalic 
i  Tartaric 
'  Mitric 
I  ]^^ulialic 
'  Succinic 
;  Acetic 
j  Arsenic 
I  Boracic 

Carbonic 


AMMONIA,  po-  Sulphur 

TABSA  &.  SODA. I 

Acids  LIME. 

Sulphuric         'Acids 
Nitric  I  Oxalic 


Sulphuric 
Tartaric 
Succinic 
Phosphoric 
Saccho-lactic 
Nitric 
Muriatic 
Fluoric 
Arsenic 
Citric 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 
Sulphur 


MAOIfESIA. 

Acids 

Oxalic 

Phosphoric 

Sulphuric 

Fluoric 

Arsenic 

Saccho-lactic 

Succinic 

Nitric 

Muriatic 

Tartaric 

Citric 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Carbonic 

Prussic 
Sulphur 


ALUMINA. 

Acids 
Sulphuric 
Nitric 
Muriatic 
Fluoric 
Arsenic 
Oxalic 
Tartaric 
Phosphoric 
Acetic 


Soda 
!  Baryta 
(StrontU 
I  Lime 
.Ammonia 


Ammonia 
Alumina 
Metallic  oxides 


Magnesia 
Alumina 
Metallic  oxides 


SULPHURIC 
I  ACID. 

I  Baryta 
'Strontia 
Potassa 
jSoda 
Lime 

I  Magnesia 
!  Ammonia 
Alumina 
Metallic  oxides 


ACETIC    ACID. 

Baryta 

Potassa 

Soda 

Ammonia 

Lime 

Magnesia 

Alumina 

Metallic  oxklei 


SULPHUROUS 
ACID. 

BaryU 

Strontia 

Lime 

Potassa 

Soda 

Magnesia 

Ammonia 

rVlumina 

Metallic  oxides 


SILICA. 

Fluoric  Acid 
Potassa 


ACIDS,NITRIC 

NITROUS  and 

MURIATIC 

Pota5(sa 


ACIDS,  PHOS 
PHORIC,  FLUO- 
RIC, BORACIC, 
OXALIC,  TAR- 
TARIC, ARSE- 
NIC, CITRIC, 
BENZOIC,  SUC- 
CINIC, 8ACH0' 
LACTIC. 

Lime. 

Baryta 

Strontia 

Magnesia 

Potassa 

Soda 

Ammonia 

.\lumina 

Metallic  oxides 


CARBONIC 
ACID. 

Baryta 

Strontia 

Lime 

Fixed  alkalies 

Magnesia 


PRUSSIC  ACID. 

Potassa 

Soda 

Ammonia 

Lime 

Baryta 

Strontia 

Magnesia 

Alumina 

Metallic  oxides 


ALCOHOL 

Water 

Ether 

Volatile  Oils 

Ammonia 

Fixed  alkalies 

Sulphur 

Muriates 


ETHER. 

Alcohol 
Volatile  oils 
Water 


VOLATILE 
OILS. 

Ether 
Alcohol 
Fixed  oil 
Fixed  alkalies 
Sulphur 


FIXED  OILS. 

Lime 

Metallic  oxides 
Ether 
Volatile  oil 
Fixed  alkalies 
Volatile  alkalies 
Sulphur 


Murray's  Ekmentt, 
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CHXMIGAL.    EQUIVAIiEHTS. 


Acid,  fteetie,  (51  Frotit) 

c.  iw.*  .  -  -  - 

anenic,  (a.  38+ox.  90  Ben.) 
anenioaB,  (a.  38+ox.  12  Ben.) 
benzoic  _  -  - 

boracic,  (b.  R+ox«  !<))   - 

e.  2w. 
bromic.  (b.  75+ox.  40) 
carbonic,  (carb.  6-t-ox.  10) 
chloric,  (chl.  30-fox.  40) 
chloriodic,  (chl.  73+iod.  1S4)       - 
chlorocarbonic,  (chl.  30+carb>  oxide 
chloro-cyanic,  (chl.  36+cTaii.  JW) 
chromic,  (chr.  3S-H>x.  90)        •         - 
citric,       -         -  -  - 

c.  2w.         .  - 

columbic,  .  -  - 

fluoboric,  .  -  -  - 

formic^       .... 
fluorilicic,        -        .  .  - 


Eallic, 
ydriodic,  (wd.  IM+hyd.  1) 
hydroba-omic,  (b.  75+hyd.  1)    - 
hydrocyanic,  (cyan.  20+hyd«  1)    • 
hydrofluoric,     -  -  - 

hyposulphuroiu.  (s.  32+ox.  8)    - 
hynosulphttric.  (i.  32+ox.  40) 
iM&,c,Ciod.ia4+ox.40) 


manganeieons, 

mannneiic,  .  .  . 

molvodic,  ... 

muriatic,  (chl.  30+hyd.  1)     - 
nitric,  dry,  (nit.  14+ox.  40) 
nitric,  liquid,  (tp.  (pr.  1.5)  (3w.) 
nitrous,  (nit.  li-f  ox.  32) 
oxalic,  -  -       • 

c  4w.  (3w.  Prout) 
perehlonc,  (chl.  30+ox.  50) 
photphoKous,  (p.  15.71+ox.  12) 
phosphoric,  (p.  15.71+OX.  90) 
wccholactic,  •  -  - 

aelenious,  (leU  4o+ox.  10) 
selenie,  (kL  40+ox.  34)       - 
succinic, 

sulphuric,  dry,  (s.  lO+ox.  24) 
sulphuric,  liquid,  (sp.  fp*.  1.84850  (1^ 
sulphurous,  (s.  lO+ox.  10) 
tartarif,  ... 

c.  Iw.        -  - 

titanicj  ... 

tungstic, 
uric,  (90  Prout,) 

Alcohol,  (ol.  ras  14+aq.  vap.  0) 

Alum,  anhydrous,        •  -  - 

c.^  25w. 

Alumina,        -  -  • 

sul]>hate. 

Aluminium, 

Ammonia,  (nit.  14+hyd.  3)     • 

Antimony. 

ch1onde,(ant.  44+chl.  30) 
iodide,  (ant.  44+iod.  124) 
protoxide,  (ant.  44-fox.  8) 
deutoxide,  (ant.  444^x.  12) 
peroxide,  (ant.  44+ox.  10) 
suiphuret. 

Arsenic,  •  -  - 

suiphuret,  (realnr) 
sfsquisiilphnretT  (orpiment) 
pt* rtkulphuret,  (a.  38+s.  40} 

Baruiin,  ... 

chloride. 


50 

50 

58 

50 

.  120 

24 

•42 

115 

-   22 

70 

-  ?190 

14)   50 


52 
58 

70 

-  ?  209 

?08 

-  37 
?  90.80 

-  ?03 

-  125 

70 

-  27 
10.80 

-  40 
72 

.  104 
?70 

.  ?  52 
?00 
72 


37 
54 

72 

40 

30 

72 

92 

ST.71 

35.71 

?  104 

50 

04 

50 

40 

)   49 

32 

00 

75 

48 

120 

72 

-  23 
202 
487 

18 
58 
10 
17 

-  44 
80 

108 
52 
50 
00 

-  00 
38 

-  54 
02 

-  78 
70 

-  100 


Barium,  iodide.  ... 

protoxide,  (oaryta) 

peroxide,  -              -          - 

phosphuret,  ... 

suiphuret,  ... 

Bismuth,          .  .            .           . 

chloride,  ... 

oxide,        -  .            .            . 

iodide,  ... 

phosphuret,  ... 

sulpbuiety 

Boron,               .  .            - 

Bromine,  ... 

Cadmium,       >  -            - 

chloride,  ... 

oxide,  ... 

iodide,  ... 

phosphuret,  ... 

suiphuret. 

Calcium,          -  .           .           . 

chloride,  ... 

iodide, 

protoxide,  (lime) 

phosphuret, 

suiphuret, 

Carbon.             -  .             - 

bisulphuret,  (eaib.  O+i.  32) 

perchlonde^  (carb.  12+chl.  108) 

oxide,  ... 

phusiAuret,      ... 
Cerium,  ... 

protoxide,  (cer.  50-fox.  8) 

peroxide,  (cer.  50+ox.  12)      - 
Chlorine,  ... 

hydrocaiburet,  (chl.  30-foL  gas  14) 

protoxide,  (chl.  30+ox.  8) 

peroxide,  (chl.  30+ox.  32) 
Chromium^  ... 

protoxide. 
Cobalt  (29.5  Rothoff) 

chloride, 

iodide,  ... 

protoxide,  (cob.  20+ox.  8)    - 

peroxide,  (cob.  20+ox.  12) 

phosphuret, 

suiphuret,  ... 

Columbium, 
Copper,  (32  llioinion) 

chloride, 

bichloride,  ... 

iodide,  •        ,    - 

protoxide, 

peroxide, 

phosphuret,       ... 

suiphuret, 

bisulphuret. 
Cyanogen,  (carb.  12+nit.  14) 

bisulahuret,  (c}*an.20+s.33) 
Ether,  (ol.  gas  28+aq.  Tap.  9) 
Fluorine,  .  .  - 

Glucinium,  ... 

Glucina,  ... 

Gold. 

chloride, 

bichloride,  ... 

iodide,  ... 

protoxide,  (jb^.  200+ox.  8) 

peroxide,  (p.  2004-ox.  24) 

suiphuret,  (g.  200+s.  48) 
Hj-drogen,  ... 

atstniuretted, 

carbnietted,  (carb.  0+hyd.  2) 


194 

48 

80 

85.71 

80 

72 

108 

80 

190 

87.71 

88 

8 

?75 

50 

92 

04 

180 

71.71 

72 

90 

50 

144 

28 

35.71 

36 

6 

SB 

a 

190 
14 
81.71 
50 
58 
09 
30 
50 
44 
08 
32 


150 

38 

38 

41.71 

42 

?185 

04 

100 

130 

188 

79 

80 

79.71 

80 

90 

20 

58 

37 

18.80 

18 

20 

200 

330 

272 

324 

?  908 

?224 

?248 

1 

•      30 

8 


*  C  means  crj-stallixed,  w,  water ;  and  the  numeral  before  w  expresses  the  number  of  equhralcnti 
of  water  which  the  crystals  contain.  , 

t  Proportional  of  ai'scnic,  and  14  of  sulphur. 
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Hydiweii,  bicub.  (oL  gw)  (cwb.  It+byd.  3)    14 

■t;leniuittu<«l,  -  *' 

•olphuretted, 

bbul  ph  urrtted. 
Iodine,  ... 

Iridittin, 
Iron, 

ehloride.  (ir.  ys+ehl.  36) 

perchkNid*;,  (ir.  M-HchL  54 

iodide, 

pretoxide,  (ir.  SS+osu  » 

peroxide,  (ir.  »+ox*  U) 

•ulphnret, 

bMulpbiuvl, 
Lwd,  - 

chloride. 

nioxide,  (1.104-H>x.  9) 
uaidc,(1.104-fox.l3) 
peroxide,  (1.104-Hn*  1^) 
photphuret, 
»ulphapet. 
Lithium, 
chloride, 


oxide,  (UthiA) 
•ul^huret. 


chloride, 

oxide,  (m^ 

lulphureC, 
Masnneie, 

blonde,  (m.  S8+ehl.36} 

perehloride,  (m.  SS+chL  144) 

protoxide,  (m.  28-f<>x.  8) 

dratoxide,  (m.  U+ox.  IS) 

peroxide,  (m.  SS+ox.  16) 

•ulphuret. 
Mercury,  *  .  . 

ehwnde,  (adomiil) 

bichloride,  (corrarire  mblimale) 

iodide, 

biniodide, 

protoxide^ 

peroxide,  .  .  . 

•ttlphurety 

btsulphuret, 
Molybdenttm, 

protoxide,  (m.  48+oe.  8) 

deutoxide,  (ro.  48+os.  16)    • 


,   peroxide  (molybdic  acid)  (m.  40-|-ox- 
nickel.  -  «  . 

chloride,  ... 

iodide, 

protoxide,  (n.  96-Ha.  8) 

peroxide,  (n.  S6-Hix.  IS) 

phoBphuret, 

tulphttret, 
Nitro^ivn. 

bicaiburet,  (cymorai) 

chloride,  (n.  14-fcbl.  144) 

iodide,  (n.  14+iod.S72) 

protoxide,  (n.  l4+ox.  8) 

deutoxide,   (n.  14-H»x.  16) 
Oxygen, 
Paiuidittin, 

oxide,  ... 

Phosphorus, 

chloride,  ... 

bichloride, 

carburift, 

•ulphuRt, 
Pktinura, 

chloride. 

bichloride. 


utoxide, 
suJphuret, 
biftulphurft, 
Potamum, 
chloride, 
iodide, 

protoxide,  (potasM) 
peroxide,  (p.  4IM-ox.  34) 
phosphurK, 


S4) 


41 
17 

-  33 
134 

.  ?30 
38 

-  64 
83 

-  153 
36 

.  40 
44 

-  60 
104 

.  140  I 
lis  I 

.  116  ' 
120  I 

119.71  I 
ISO  I 

.  10  I 
46  I 

.    134! 

18 
.      S6  ! 

12  I 

-  48 
30  ' 

-  S8l 
S8  ; 

.  64 
170  I 

.  36  < 
40, 

-  44  I 
44  , 

.    SOO  I 
S36I 
272 
3S4  . 

.  448  I 
908 

.  S16 
916 

.  233 
48 

-  56 
64 
7S 
2$ 

"      6S 

150 

.      34 

38 

41.71 

4S 

-  14 
96 

•     158 

386 

.      S3 

30 

8 

56 

-  64 
1B.71 
51.71 
87.71 
91.71 
31.71 

-  06 
133 

-  168 
104 

.   lis 

112 

-  128 

40 

-  76 
164 

-  48 
64 

5*.71 


Bulphontf 
Rhodium,' 

protoxide, 

peroxide. 
Selenium, 
Siliea, 


Silver, 

chloride. 


oxide, 
phoKphoret, 
tulphurot. 
Sodium, 


protoxide,  (loda) 

peroxide,  (i.  24+ox.  18) 

photnhuret, 

sulphuRl, 
Strontium. 

chloride, 

iodide, 

protoxide,  (strootia) 

photphurct, 

■ulphuret, 
Sulphur, 

chloride, 


phosphurri, 
Saljphuittted  hydronn. 
Tellurium.  iBctxeJiui) 

chloriae, 

oxide. 
Tin, 


ehloridi 
bichi 


vide, 
kloride, 
protoxide, 
deutoxide, 
phomhuret, 
■ulphuret, 
bisulphuret. 
Titanium, 


itoxide  (titanic  add) 
Tunnten,  ... 

deutoxide^  (brown)  (U  004«k*  16) 

tritoxide,  (tungalie  nod)  (t.  Ot-Ho*  M) 
Uianium,^  ... 

protoxide,  .  -  • 

deutoxide^         .  .  - 

,  Water,  .  .  -  - 

Yttrium,  ... 

!        oxide,  (yttria) 
Zbic,  >  .  . 

chlorides 

oxide, 

phosphuret, 

•ulphuret, 
Ziroomum, 
Ziroonia, 

Acetate  of  alanuna, 

c  Iw. 


s 

.  M 
40 

.  Itf 
I 

.  IM 
146 

.  S34 
lU 

ISiLTI 
126 

.  U 
M 
141 
32 

.  36 
S9J1 

.  « 
44 
80 
Ifil 

.    a 

5B.71 

.     M 

Ifi 

.     J8 

14V 

SLTI 

-      17 

3S 

.     tt 

4» 

.     58 

M 

.    130 

06 

.     74 

73.71 

.      74 

90 

.     S 

?40 

48 

96 

m 

ISO 


SALTS. 


c  7w. 
haryta, 

C>  3w.         ... 
cadmium,  (c  9w.) 
copper,  (acid  5<H-perau  80) 

e.  6w.  (com.  ▼erdicri*} 


o.  3w.  (distilled  r< 

tubacetate, 
lead, 

c.  3w. 
Hme« 

magnesia, 
mercury,  (c.4w.) 


silver, 

strootia,  (c.  Iw.) 
xinc, 
e,  7w. 


S16 

.    SS4 

9 

.     34 

4t 

.     34 

70 

.     42 

49171 

10 

-    fM 

?SJ 

.     60 

77 

.     67 

130 
.    1» 

IM 
.    I31 

ISO 
.    IM 

110 
.    207 

310 
.    Itt 

1» 

.   n 

70 
.    294 

98 

.    1« 

111 


J 
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Aneniateorietd, 

-     170 

Nitrate  of  itrontia. 

106 

lime, 

- 

86 

Oxalate  of  ammonia. 

-      53 

magnesia. 

. 

-      78 

c2w. 

71 

potana. 

- 

106 

baryta. 

-    114 

biuanenuite,  (c  2w.) 

• 

-    182 

blnoxalate. 

150 

toda. 

- 

90 

cobalt. 

-      70 

binaneniate,  (c  4w.) 

- 

-    184 

Bme,          .              .            -            . 

64 

•trontia. 

• 

110 

nickel, 

-      70 

lilver. 

. 

-    176 

potassa, 

S4 

AxMoite  of  lime. 

- 

78 

e.  Iw.             .            -            - 

•      93 

potaiaa. 

. 

-      98 

binoxalate. 

120 

loda. 

. 

82 

e.2w. 

-    138 

■aver. 

. 

-     168 

192 

. 

39 

i7w.                - 

-    255 

sesquicarb.  (add  834«m.  17+w. 

9)             59 

strontia,                  .            -            - 

88 

bicarbonate,  (Iw.) 

. 

70 

binoxalate. 

-     124 

haryu,              - 

- 

-     100 

Pbotpbate  of  ammonia,  (c.  2w.) 

70.71 

copper,  (acid  2«+perox.  80) 

102 

isa.*^     .-.--■ 

113.71 

in>n,  (acid  22+protox.  36) 

- 

.      58 

147.71 

lead. 

. 

134 

lime,                .          .          - 

63.71 

Hmei 

. 

.      50 

55.71 

magnesia, 

- 

42 

soda, 

67.71 

• 

.      58 

cl2|w. 
Sulpbate  of  alumina. 

18a21 

" 

70 
.      92 

58 
262 

c*  Iw. 

. 

101 

c  25w.  (alum)           .            -          - 

487 

km!.. 

-      54 

ammonia,  (c  Iw.) 

66 

dOw. 

_ 

144 

baryta,            -           -             -          - 

118 

strantia. 

.- 

-      85 

74 

S^ulpbate,  _  ,        . 

120 
160 

zinc. 

.      64 

c^Ow.  (blue  Titriol) 

250 

Chlonte  of  baryta. 

. 

154 

iron, 

76 

lead,          '^  - 

. 

.     188 

e.  7w.  (green  vitriol) 

139 

mercury. 

. 

284 

lead, 

-      153 

potassa. 

-    124 

lime. 

68 

Chranate  of  baryta, 

. 

130 

c.  2w. 

•       86 

lead. 

• 

-     164 

lithia,  (c.  Iw.) 

67 

mercury. 

- 

2flO 

magnesia,  (c  7w.) 

•       123 

potassa. 

-    100 

mercury,  (aeid  40+penn.  216) 

256 

. 

152 

296 

Murkte  of  ammonia, 

-      54 

potassa. 

88 

baryta,  (c.  Iw.) 

124 

bisulpbate,  (c  2w.} 

146 

Hme,  (c.  «w.) 

-     119 

soda,           .             ... 

72 

magnesia. 

. 

57 

ClOW.                 -               - 

162 

struntia. 

. 

-     161 

strontia. 

-       92 

Nitrate  of  ammonia. 

71 

zinc,            .            -            .            - 

82 

baryta. 

-     132 

c.7w.            -             -            -          - 

145 

bismuth,  (c.  3 w.) 

101 

Tartrate  of  lead. 

178 

lead, 

-     166 

lime,                     -                 •              - 

'  94 

lime. 

• 

82 

potassa. 

114 

magnesia. 

-      74 

bitartrate. 

180 

mercury,  (acid  J4+pPotox. 

208+w 

.  18)        280 

c.  2w.  (cream  of  tartar) 

198 

|>otaisa,            -       *"     - 

-    102 

antimony  and  potassa,  (c.  3w.)  (tartar 

silver, 

- 

172 

emetic) 

363 

Adopted  for  this  work  from  the  third  American  edition  of  Turner's  Chemistry,  re- 
vised by  Dr.  Franklin  Bache,  and  published  by  Mr.  John  Grigg,  Philadelphia,  by 
permission  of  both  Editor  and  Publisher. 

[HT  The  number  for  phosphorus  having  been  altered  from  12  (that  given  in  Vol. 
I,)  to  16.71,  of  course,  the  numbers  of  its  compounds  are  changed.  It  is  possible 
that  other  numbers  may  have  been  changed,  but  1  have  made  no  alterations  in  the 
above  table ;  the  numbers  of  some  substances  are  still  unsettled,  and  changes  may 
not  improbably  be  made  in  others. 
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A. 
Acetate  of  ammonia,  ii.  589. 

baryta,  ii.  540. 

copper,  ii.  286. 

lead,  ii.  247. 

lime,  ii.  639. 

mercury,  ii.  816. 

potassa,  ii.  638. 

soda,  ii.  589. 

strontia,  u.  540. 

zinc,  ii.  218. 
Acetic  acid,  ii.  633. 

ether,  ii.  531. 
Acetous  fermentation,  ii.  532. 
Acidity,  its  relation  to  hydrogen,  i.  806. 

oxygen,  i.  806. 
Acid,  acetic,  ii.  633. 

antimonic,  ii.  208. 

benzoic,  ii.  481. 

boietic,  ii.  484. 

boracic,  1.  491. 

bromic,  ii.  92. 

camphoric,  ii.  483. 

carbazotic,  ii.  485. 

carbonic,  i.  865. 

cetic,  ii.  579. 

chloric,  ii.  89. 

chloriodic,  ii.  78. 

chlorO'Carbonic,  ii.  28. 

chloro-chromic,  ii.  153. 

chromic,  ii.  146. 

citric,  ii.  474. 

columbic,  ii.  140. 

cyanic,  ii.  600. 

cyanous,  11. 696. 

ferro-cyanic,  ii.  605. 

fluoric,  i.  499. 

fluoboric,  i.  505. 

fluo-chromlc,  ii.  152. 

fluo-silicic,  i.  502. 

formic,  ii.  589. 

gallic,  u.  478. 

hydriodic,  ii.  76. 

hydro-bromic,  ii.  90. 

hydro-chloric,  ii.  1. 

hydro-cyanic,  i.  417,  and  ii.  592. 

bydro-xanthic,  i.  365. 

h3rpo-nitrous,  i.  457. 

hypo-sulphuric,  i.  340. 

hypo-sulphurous,  i.  339. 

indigoUc,  ii.  485. 

iodic,  ii.  75. 

iodous,  ii.  76. 

kinic,  ii.  492. 

laccic,  ii.  486. 

I 


Acid,  lactic,  ii.  558. 

malic,  ii.  476. 

manganesic,  ii.  179. 

manganeseous,  ii.  180. 

margaric,  ii.  578. 

meconic,  ii.  490. 

meliitic,  il.  484. 

molybdic,  ii.  142. 

moroxylic,  ii.  484. 

muriatic,  ii.  1. 

nitric,  i.  446. 

nitro-muriaiic,  ii.  71. 

nitrous,  i.  459. 

oleic,  ii.  579. 

oxalic,  Ii.  463. 

oxy muriatic.    See  Chhrine. 

pectic,  it.  484. 

perchloric,  ii.  40. 

phosphoric,  i.  422. 

phosphorous,  i.  425. 

prussic,  i.  417,  and  ii.  592. 

purpuric,  ii.  587. 

pyroligneous,  ii.  685. 

rosacic,  ii.  588. 

saccholactic,  ii.  689. 

sebacic,  ii.  579. 

selenic,  i.  617. 

selenious,  i.  516. 

stearic,  ii.  -578. 

succinic,  ii.  479. 

sulpho-cyanic,  ii.  612. 

sulpho-vinic,  ii.  626. 

sulphuric,  i.  807. 

sulphurous,  i.  818. 

tartaric,  ii.  469. 

tungstic,ii.  170. 

uric,  ii.  585. 
Adipocire,  ii.  579. 
Affinity,  chemical,  i.  151. 

affected  by  quantity  of  matter, 

i.  155. 
double  elective,  i.  155. 
elective,  i.  154. 
how  modified,  i.  157. 
of  aggregation,  i.  189. 
Air,  atmospheric,  i.  195. 

chemical  properties  of,  i.  196. 
its  agency  in  respiration,  i.  199. 
Albumen,  animal,  ii.  651. 
incipient,  ii.  554. 
vegetable,  ii.  425. 
Alcohol,  ii.  516. 
Algaroth,  powder  of,  ii.  211. 
Alkalies,  classification  of,  i.  229. 

general  properties  of,  i.  280. 


INDEX. 


AlkaliM,  veretoble,li.  486. 
Alloyt,  U.  m. 
AlraoodoU.U.  489. 
Aloes,  ii.  407. 
Alum,  i.  S34. 

a  pyrophonit  mide  from,  i,  384. 
compoddon  of,  1.  886. 
with  \mn§  of  ammoDia,  i.  886. 
Uthla,  i,  886. 
•oda,  L  866. 
Alamina,  how  obtained,  i.  288. 
prapeilies  of,  i.  284. 
Alaniniam,  bow  obfained,  i.  293. 
Amber,  U.  408. 
Ambercis,  U.  690. 
Amkline,  U.  409. 
Ammooia,  i.  280. 

analyrif  of;  i.  238. 
in  the  gaaeoua  state,  i.  281. 
iolutioo  of,  i.  282. 
properties  of,  i.  282. 
uses  of,  i.  287. 
Aromooiaoo-marneaian  phosphate,  i.  489. 
AmyUne,  U.  409. 
Analysb  of  animal  bodies,  ii.  646. 

vegetable  bodies,  ii.  898. 
Anchor-ice,  i.  60. 
Animal  acids,  ii.  685. 
bodies,  U.  644. 
albumen,  ii.  651. 
heat,  U,  666. 
oils,  ii.  676. 
Anime,ii.  401, 
AnnotU,  ii.  462. 
Anthracite,  i.  855. 
Antimonic  acid,  ii.  208. 
Antimony,  ii.  204. 

action  of  acids  upon,  ii.  211. 
golden  sulphur  of,  ii.  209. 
oxides  of,  ii.  206. 
salts  of,  ii.  211. 
tartarized,  ii.  212. 
Apparatus,  chemical,  i.  175. 
Aqua  fortis.    See  AY(rte  acid. 

regiA,  U.  71. 
Arbor  Diane,  U.  334. 
Satumi,  tt.  248. 
Archil,  Ii.  460. 
Arrow  root,  ii.  412. 
Arseniate  of  potassa,  ii.  190. 
Arsenic,  U.  181. 

acid,  ii.  188. 
alloys  of,  il  188. 
remedies  for,  ii.  196. 
tests  of,  ii.  192. 
sulphurets  of,  ii.  185. 
white  oxide  of,  ii.  182. 
Arsenlous  acid,  il.  1S8. 
Arsenites,  ii.  187. 
Arscniuretted  hydrogen,  ii.  184, 
Asparagin,  ii.  907. 
Aspbaltum,  ii.  404. 
Aasaf<elida,  il.  406. 


Atmoq»here,  t.  195. 

compontionof,  i.  197. 
limits  to  the  hei^t  gf,  1 1S8. 
weight  and  pressore  ii,  i.  84. 
Atomic  theory,  i.  170. 
Atropine,  iL  499. 
Attraction,  i.  187. 
Anrum  musiTum,  ii  282. 
Azote,  i.  193. 

B. 
Baldwin's  phoephoras,  i.  29. 
Balloons,  i.  203. 
Balaams,  u,  404. 
Bar-iron,  ii.  278. 
Barilla,  i.  251. 
Barium,  L  268. 

deutoxideof,  i.  269. 
protoxide  of,  i.  269. 
Barley,  malting  of,li.  618. 
Baryta,  how  obtained,  i.  267. 

hydrate  of,  i.  267. 
BaMorin,  ii.  511. 
Beech*nut  oil,  ii.  436. 
Beet  sugar,  ii.  428. 
Bell  metal,  U,  294. 
Ben  oil,  U.  435. 
Benzoate8,u.482. 
Benzoic  acid,  U.  481. 
Bi-borate  of  soda,  i.  496. 
Bi-carbonate  of  ammonia,  i.  886. 
potassa,  i.  876. 
soda,  i.  882. 
Bi-carbnret  of  hydrogen,^.  406. 
Bi-chloride  of  mercury,  ii- 817. 
Bi-chromate  of  ammonia,  ii.  16(K 

potassa,  ii.  149. 
Bi-fluate  of  pot&isa,  i.  609. 
Bi-phosphate  of  ammonia,  L  488. 

potassa,  i.  430. 
Bi-sulphate  of  potassa,  i.  32S. 
Bi-sulphuretof  carbon,  i.  368. 
Bi-sulphu retted  hydroeen,  i.  344. 
Bi-tartrate  of  potassa,  ii.  471. 
Biie,  u.  676. 

resin  of,  ii,  575. 
Bin-arseniate  of  potassa,  ii.  190. 
Bin-oxalate  of  potassa,  U,  467. 
Bismuth,  ii.  224. 

alloys  of,  ii.  228. 
madstery  of,  ii.  227. 
oxide  of,  ii.  225. 
salts  of,  U.  226. 
BUtro,  i.  861. 
Black  lead,  i.  855l 
Bleaching,  ii.  66. 
Blende,  ii.  219. 
Blood,  U.  664. 
Blowpipe,  i.  128. 

Hara*s  compound,  i.  224. 
Blue  Prussian,  ii.  590. 

vitriol,  ii.  281. 
Boiling  point,  how  aflfeded,!.  100- 
Boletic  acid,  ii.  484. 
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Bologna  vial,  1.283. 

phosphorus,  i.  29. 
Bones,  analysis  of,  ii.  665. 
Boracic  acid,  i.  491. 
Borate  of  alumina,  i.  499. 
ammonia,  i.  496. 
baryta,  i.  498. 
lime,  i.  499. 
magnesia,!.  499. 
potassa,  i.  496. 
soda,  i.  496. 
strontia,  i.  498. 
Borax,  i.  496. 
Boron,  i.  494. 
Botany  Bay  gum,  ii.  401. 
Brain,  analysis  of,  ii.  682. 
Brass,  ii.  292. 
Brazil  wood,  ii.  461. 
Bricks,  common,  i.  292. 

fire.i.  291. 
Bromates,  ii.  92. 
Bromic  acid,  ii.  92. 
ether,  ii.  95. 
Bromide  of  chlorine,  ii.  94. 
cyanogen,  ii.  608. 
iodine,  ii.  94. 
phosphorus,  ii,  94. 
sulphur,  ii.  96. 
Bromine,  il.  88. 

with  metals,  ii,  122. 
Bronze,  ii.  294. 
Brooke's  blowpipe,  1.  226. 
Brudne,  ii.  497. 
Burgundy  pitch,  U.  400. 
Butteriii  667. 

of  antimony,  ii.  211. 
cacao,  ii.  486. 
Butyrine,  U.  681. 

C. 
Cadmium,  ii.  220. 

salts  of,  U.  222. 
Cafi«a,ii.606. 
Calamine,  ii.  219. 
Calcium,  i.  264. 

deutoxideof,  i.264. 
protoxide  of,  i.  261. 
Calculi,  biliary,  ii.  620. 

urinary,  ii.  616. 
Calico-printing,  ii.  468. 
Calomel,  ii.  820. 
Caloric,  i.  85. 

aeriform  bodies  bad  conductors 

of,  i.  67. 
conduction  of,  i.  66.  -   ! 

congelation    and    liquefaction,  I 
caused  by,  i.  82.  | 

capacity  for,  i.  119.  I 

eflects  of,  i.  44. 
exists  in  all  bodies,  i.  87. 
expansion  caused  by,  L  44. 

Sneral  nature  of,  i.  86. 
ent,  i.  88. 
metals,  good  conductors  of,  i.  66, 


Caloric,  most  in  red  raysi*  i.  40. 
radiatkmof^i.  69. 
reflection  of,  i.  41. 
sources  of,  i.  127. 
specific*  i.  119. 
Calorimotor,  ii.  649. 
Calves' foot  jelly,  ii.  650. 
Camphor,  ii.  448. 
Camphoric  acid,  ii.  488. 
Canadian  balsam,  ii.  400. 
Candle  bomb,  i.  96.  ' 
Cannon  metal,  ii.  294. 
Canton's  phosphorus,  i.  29.  ' 

Caoutchouc,  ii.  427. 

solvents  of,  ii.  429. 
Carbazotic  acid,  ii.  484. 
Carbon,  1.  866. 

and  hydrogen,  i.  899. 
fusion  of,  i.  858. 
sulphuret  of,  i.  868. 
uses  of,  i.  862. 
Carbonate  of  ammonia,  i.  883. 
baryta,  i.  889. 
copper,  ii.  288. 
iron,  ii.  264. 
lead,  ii.  246^ 
lime,  i.  886. 
magnesia^  i.  892. 
potassa,  i.  376. 
soda,  i.  879. 
strontia,  i.  891. 
Carbonic  acid,  i.  366. 

how  obtained,  i.  867. 
liquefaction  of»  i.  874« 
properties  of,  i.  868. 
oxide,  i.  896. 
Carburet  of  iron,  ii.  278. 
Carbu  retted  hydrogen  gases,  i.  8994 
Carpathian  balsam,  ii.  400. 
Cartilage,  ii.  666. 
Case  hardening,  ii.  274. 
Caseous  oxide,  ii.  414. 
Cassava,  ii.  412. 

Cassius,  purple  powder  of,  ii.  868< 
Castor,  ii.  674. 
Cast-steel,  ii.  274. 
Catechu,  ii.  446. 
Cathartin,  ii.  607. 
Cerasin,  ii.  897. 
Cerebral  substance,  ii.  682. 
Cerin,  ii.  438. 
Cerium,  ii.  137. 

oxides  of,  ii.  188. 
Cerulin,  ii.  457. 
Ceruse,  ii.  246. 
Cedne,  U.  579. 
Chalk,  1.386. 

Chalybeate  waters,  ii.  264. 
Chameleon  mineral,  ii.  178. 
Charcoal,  i.  356. 

absorption  of  gases  by,  i.  867^ 
an  antiseptic,  I.  360. 
how  prepared,  i.  856. 
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CheeM,  ii.  068. 

Chemical  apparttas,  1. 174. 
•ttractioo.l.  151. 
equivalents,  i.  164. 
laboratory,  i.  177. 
Chemiftry  defined,  i.  16. 

object!  and  uses  of,  1. 16—24. 
Chio  turpentine,  U.  400. 
Chlorate  of  ammonia,  U.  42. 
baryta,  Q.  48. 
lime,  ii.  44. 
potaan,  ii.  28. 
8oda.ii.  42. 
■tnMida,ii.44. 
Chloric  acid.  ii.  89. 

ether,  ii.  19. 
Chloride  of  antimony,  ii.  208. 
barh2m,ii.  59. 
blunnth,  H.  229. 
bromine,  ii.  94. 
cadmium,  ii.  222: 
calcium,  i).  66. 
carbon,  ii.  20. 
copper,  ii.  289. 
cyanogen,  il.  60S. 
^Id,  ii.  854. 
iridium,  ii.  886. 
hon,  ii.  269. 
lead,  ii.  246. 
lime,  il.  66. 
manganese,  ii.  177. 
mercury,  ii.  317. 
molybdenum,  ii.  145. 
nitrogen,  it.  24. 
Oflmium,  ii.  889. 
phosphorus,  ii.  17. 
platinum,  ii.  870. 
potassa,  ii.  48. 
potassium,  U.  47. 
rhodium,  ii.  888. 
silver,  ii.  840. 
soda,  ii.  51. 
sodium,  ii  61. 
strontium,  ii.  60. 
sulphur,  ii.  18. 
tiD,  ii.  235. 
Chlorine,  ii.  10. 

action  of  on  metatiit,  ii.  119. 
and  hydrogen,  ii,  14. 
liquefaction  of,  ii.  13. 
peroxide  of,  ii.  37. 
protoxide  of,  ii.  84. 
Chloriodk  acid,  li.  78. 
Chlorocarbonic  acid,  ii.  23. 
Chlorochromic  acid,  ii.  153. 
Cholesterine,  ii.  580. 
Chromate  of  ammonia,  il.  150. 
baryta,  ii.  150. 
lead,  ii.  250. 
potassa,  ii.  149. 
silver,  ii.  843. 
Chrome  yellow,  ii.  250. 
Chromic  acid,  ii.  146. 


Chromium,  U.  146, 100. 

protoxide  of,  ii.  101. 
salts  of,  U.  162. 
use  of  as  a  pigment,  ii.  186. 
Chyle,  U.  669. 
Cinchonine,  IL  492. 

salts  of,  ii.  493. 
Cinnabar,  ii.  809. 
Citrates,  U.  476. 
Citric  acid,  U.  472. 
Cod,  i.  866. 

gas  from,  i.  468. 
Cobalt,  U.  197. 

nitrate  of,  ii.  196. 
oxides  of,  ii.  197. 
Cochineal,  ii.  461. 
Cohesive  attraction,  i.  189. 
Coke,  i.  862. 
Cold,  artificial,  i.  122. 
radiation  of,  i.  82. 
sources  of,  i.  184. 

table  of  mixtures  for  prodoelog, 
i.  186. 
Colocyntine,  ii.  461. 
Colophony,  ii.  401. 
Coloring  matter,  ii.  468. 
Columbic  add,  ii.  140. 
Columbium,  ii.  189. 
Combination,  laws  of,  i.  161. 
Combustion,  i.  126— ii.  96. 

a  source  of  beat,  i.  I2T. 
Compensation  pendulum,  1. 58. 
Compound  blowpipe,  i.  224. 
Conductors  of  heat,  i.  66, 72. 
Cooling,  rate  of,  how  afiected,  i.  70. 
Copal  gum,  ii.  402. 

varnish,  ii.  402. 
Copper,  ii.  276. 

alloys  of,  ii.  291. 
oxides  of,  ii.  278. 
salUof,ii.  281. 
sulphurets  of,  ii.  280. 
Copperas,  ii.  260. 
Cork,  ii.  452. 
J  Cornel  oil,  ii.  435. 
I  Corrosive  sublimate,  ii.  317. 
|Corydaline,ii.  503. 
I  Couronne  de  tasses,  ii.  641. 
Cream  of  milk,  ii.  657. 
I  tartar,  ii.  471. 

!  Crucibles,  i.  176,  291. 
Cryophorus,  i.  116. 
Crystallization,  i.  141. 

of  water,  i.  142. 
Haay*8  theory  of,  i.  144. 
Woilaston's,  do.  i.  149. 
Crystallized  tin,  ii.  238. 
Crystals,  structure  of,  i,  143. 

common  forms  of,  i.  142. 
Culinary  paradox,  i.  98. 
Cupping,  principle  of,  i.  95. 
Cuticle,  ii.  657. 
Cyanic  acid,  U.  600. 
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Cyanogen,  i.  417— ii.  690. 
Cyanuratof  chlorine,  ii. 

mercury,  ii.  822. 
potassium,  ii.  604. 
Cynapine,  ii.  503. 
Cystic  oxide,  ii.  618. 
D. 
Dahline,  u.  608. 
Daturine,  ii.  608. 
Davy's  safety  lamp,  i.  411. 
Decomposition,  i.  166. 

effected  by  galvanism,  ii. 
667. 
Definite  proportions,  i.  160. 
Deflagrator,  galvanic,  ii.  651. 

revolving,  it  664. 
Deliquescence,  1. 142. 
Delphine,  ii.  496. 
Denarcotized  laudanum,  ii.  491. 
Detonating  powders,  ii.  822,836,866,878. 
Derosne,  salt  of,  ii.  490. 
Dew,  i.  108. 
Diabetic  sugar,  ii.  673. 
Diamond,  i.  856. 

artificial,  i.  866. 
Differential  thermometer,  i.  66. 
Digitaline,U.501. 
Distillation,  principle  of,  i.  86. 
Dracine,  ii.  610. 
Dutch  meUl,  ii.  293. 
Dyeing,- principles  of,  il.  464. 

E. 
Earths,  properties  of,  i.  269. 
Earthy  tartrates,  ii.  472. 
Ebullition,  i.  86. 
Elfflorescence,  i.  142. 
Eggs,  il.  658. 
Ehun,  ii.  557. 
Elastic  gum,  ii.  427. 
Elective  affinity,  i.  164. 
Electrical  column  of  De  Luc,  ii.  641. 

fishes,  ii.  631. 
Electricity,  ii.  622. 
Electro^magnetism,  11,676. 
Electro-negative  bodies,  i.  139. 
posititive  bodies,  i.  189. 
Electrometer,  ii.  627. 
Elements,  defined,  i.  18. 

classification  of,  i.  139. 
Eleini,  ii.  401. 
Emetic  tartar,  ii.  212. 
Emetine,  ii.  602. 
Enamel,  ii.  556. 
Ens  Veneris,  ii.  270,  291. 
Epsom  salts,  i.  831. 
Equivalents,  chemical,  i.  164. 
Essential  oils,  ii.  43S. 
Etching  upon  glass,  i.  604. 
Ether,  acetic,  il.  631. 

bromic,  11.95. 

chloric,  ii.  19. 

hydriodic,  Ii.  629. 

muriatic,  ii.  628. 


Ether,  nitric,  11.629. 

phosphoric,  ii.  627. 
sulphuric,  ii.  522. 
Ethiops  mineral,  ii.  309. 
Euchlorine,  ii.  84. 
Eudiometers,  i.  217. 

Hare's,  1.218. 
Hope's,  1.  860. 
platinum  sponge,  i.  221. 
Ure's,  i.  217. 
Volta's,  i.  218. 
Euphorbium,  ii.  407. 
Evaporation  caused  bv  caloric,  I.  106. 

effects  of,  i.  106. 
Ezhilaratinff  gas,  i.  476. 
Expansion,!.  44. 

of  gases,  i.  49. 
,0f  nqaids,t.46. 
of  solids,  i.  47. 
table  of,  i.  48. 
Eye,  humors  of,  ii.  660. 

F. 
Farina,  ii,  408. 
Fat  of  animals,  ii.  677. 
Feathers,  ii.  666. 
Fermentation,  ii,  612. 

acetous,  ii.  682. 

panary,  ii.  612. 

vinous,  il.  618. 

Ferrocyanate  of  iron,  ii.  267. 

potassa,  ii.  608. 
Ferrocyanic  acid,  ii.  606. 
Fibre,  woody,  11.460. 
Fibrin,  ii.  661. 
Fire-bricks,  i.  291. 
Fire-damp  of  coal  mines,  1. 4 18. 
Fish-glue,  ii.  550. 
Fixed  oils,  ii.  482. 
Fluate  of  alumina,  i.  612. 
ammonia,  i.  510. 
baryta,  i.  511. 
lime,  1.611. 
magnesia,  i.  512. 
potassa,  i.  509. 
silica,  i.  513. 
soda,  i.  610. 
strontia,  i.  611. 
Fluo-borlc  acid,  1.  506. 
Fluo-chromic  **  ii.  152. 
Fluoric,  "  i.  499. 

Fluoride  of  manganese,  ii.  178. 
Fluor  spar,  i.  500. 
Fluosilicic  acid,  i.  602. 
Fluxes,  i.  470. 
Formic  acid,  ii.  589. 
Frankincense,  ii.  400. 
Freezing  mixtures,  table  of,  i,  186. 

mode  of  action,  i.  122. 
Frost- bearer,  i.  116. 
Fulminating  gold,  ii.  856. 

mercury,  ii.  822. 
platinum,  ii.  378. 
powder,  i.  469. 
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Fulminating  nil ver,  ii.  3S6. 
Fulmimc  acid,  ii.  339,  and  698. 
FuDfrin,  ii.  609. 
FusUc,  ii.  462. 

G. 
OadoUnite,i.800. 
Galbanum,  ii.  406. 
Galena,  ii.  252. 
Galipot.  U.  400. 
GalUtes,  ii.  479. 

of  iron,  ii.  265. 
Gallic  acid,  ii.  478. 
Galrtnlc  batteries,  ii.  644. 

bow  eicited,  ii.  655. 
fhock,  ii.606.  and665. 
spark,  ii.  668. 
troughs,  ii.  644. 
GaWanism,  i.  188,  and  ii.  622. 

decompoaiUons  effected    by, 

ii.  658. 
deflagration  caused  by,  ii.  671. 
effects  of.  ii.  658. 
magnetism  caused  by,  ii.  678. 
theories  of,  ii.  689. 
Galvanophorus,  i.  183. 
Gamboge,  ii.  407. 

Gases,  absorption  of,  by  charcoal,  I.  357. 
conducting  power  of,  i.  67. 
expansion  ol  by  heat,  i.  48. 
law  of  their  union  by  volumes,  L 

166. 
mode  of  weighing,  i.  178. 
rules  lor  reducing  to  a  mean  tern- 

perature  and  pressure,  i.  179. 
specific  heat  of,  i.  124. 
Gai-holder,  i,  213. 
Gas,  ammoniacal,  i.  281. 

arseniuretted  hydrogen,  ii.  184. 
azotic,  or  nitrogen,  i.  198. 
carbonic  add,  1.  365. 

oxide,  i.  395. 
carburetted  hydrogen,  i.  899. 
coal,  i.  408. 
chlorine,  ii.  10. 
euchiorine,  ii.  34. 
flttoboric  acid,  i.  505. 
fluo-silicic  acid,  i.  502. 
hydriodic  acid,  ii.  76. 
hydrophosphoric,  i.  443. 
hydrog^en,  i.  201. 
muriatic  acid,  ii.  2. 
nitric  oxide,  i.  462. 
nitrogen,  i.  193. 
nitrous  oxide,  i.  476. 
oil,  i.  409. 
olefiant,  i.  402. 
oxygen,  i.  185. 
phosgene,  ii.  23. 
phosphuretted  hydrogen,  i.  440. 
prussic  acid,  ii.  592. 
sulphuretted  hydrogen,  i.  341. 
sulphurous  acid,  i.  313. 
telluretted  hydrogen,  ii.  163. 


I  Gas  tights,  i.  402. 
rGsMmeter,  i.  213. 
Gastric  fluid,  ii.  614. 
Gela&ne,  ii.  546. 
Germination,  ii.  540. 
Gilding,  u.  364. 
Glass,  composition  of,  i.  279. 

mode  of  making,  I.  282. 

varieties  of,  i.  280. 
I  Glauber's  salt,  i.  823. 
Gliadine,  ii.  415. 
Glucina,  i.  298. 
Glucinium,  i.  299,  and  ii.  185. 
Glue,  u.  550. 
Gluten,  ii.  413. 
Glycerine,  ii.  580. 
Gold,  U.  348. 

alloys  of,  ii.  360. 

fulminating,  ii.  356. 
leaf,  U.  349. 
oxides  of,  ti.  351. 

salts  of,  it  353. 
Gonff,  Indian,  ii.  294. 
Goniometer,  i.  147. 

reflective,  i.  148. 
Goulard's  extract,  ii.  249. 
Gravitation,  i.  137. 

Gravity,  specific,  how  ascertained,  i.  177. 
Green  vitriol,  ii.  260. 
Guaiacum,  ii.  407. 
Gum,  general  properties  of,  it.  394. 

ammoniac,  ii.  406. 

arable,  ii.  896. 

tragacanth,  ii.  396. 
Gum-resins,  ii.  405. 
Gunpowder,  i.  467. 

with  chlorate  of  potassa,  ii. 
81. 
H. 
Hare*s  blowpipe^  i.  224. 

calorimotor,  ii.  649. 
deflagrator,  ii.  651. 
eudiometer,-  i.  218. 
pyrophorus,  i.  335. 
Hematin,  ii.  510. 
Hair,  ii.  556. 
Heat     See  Calorie. 

animal,  ii.  566. 
Hempseed  oil,  ii.  435. 
Hircine,  ii.  581. 
Homberg's  pyrophorus,  i.  334. 
Honey,  ii.  424. 
Hordeio,  ii.  410. 
Horn,  analysis  of,  ii.  556. 
Horn-lead,  ii.  246. 

Bilver,,ii.  841. 
Hydrate,  i.  2l2. 
Hydriodates,  ii.  80. 

of  potassa,  ii.  80. 
Hydriodic  acid,  ii.  76,  529. 
Hydro>bromates,  ii.  91. 
Hydro-bromic  acid,  ii..90. 
Hydro-carburet  of  chlorine,  ii.  19. 
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Hydro-carburet  of  iodine,  ii.  8S. 

bromine,  ii.  95. 
Hydro-cyaotttes,  ii.  604, 
Hydro-cyanic  acid,  i.  417,  and  ii.  592. 
Hydrogen,  i.  201. 

an  acidifier,  i.  806. 
arseniuretted,  ii.  184. 
carbiiretted,  i.  899. 
deutoxide  of,  i.  215. 
eudiometry  by,  i.  217. 
phosphuretted,  1.  440, 
sulpnuretted,  i.  841. 
telluretted,  ii.  163. 
Hydro-sulphurets,  i.  845. 

of  ammonia,  i.  847. 
baryta,  i.  847. 
lime,  i.  847. 
magnesia,  i.  848. 
soda,  i.  847. 
fltrontia,  i.  848. 
Hydro-zanthic  acid,  i.  865. 
Hydruret  of  tellurium,  ii.  168. 
Hygrometer,  principle  of,  i.  110. 
Hyoscamine,  ii.  601. 
Hypo-nitrous  acid,  i.  457. 
Hypo-sulphates,  i.  840. 
Hypo-sulphites,  i.  839. 
Hypo-sulphuric  acid,  i.  840« 
Hypo-sulphurous  acid,  i.  839. 

Ice,  a  bad  conductor  of  heat,  i.  67. 
lighter  than  water,  i.  50. 
quantity  of  caloric  absorbed  in  the 
melting  of,  i.  82. 
Ichthyocol,  ii.  550. 
Incandoscence,  i.  117. 
India  rubber,  ii.  427. 
Indigo,  ii.  456. 
Indigogene,  ii.  460. 
Indigotic  acid,  ii.  485. 
Ink,  black,  ii.  26Jr 
red,  ii.  267. 
sympathetic,  ii.  199. 
Inulin,  ii.  508. 
lodatos,  ii.  79. 

of  potassa,  ii.  79. 
Iodic  acid,  ii.  75. 
Iodide  of  cadmium,  ii.  22$. 
cyanogen,  ii.  608. 
iron,  ii.  270. 
mercury,  ii.  321. 
nitrogen,  ii.  82. 
.  phosphorus,  ii.  83. 
*  potaAsium,  ii.  81. 
sulphur,  ii.  83. 
Iodine,  ii.  72, 85. 
lodous  acid,  ii.  76. 
Ipecacuanha,  ii.  502. 
Iridium,  ii.  884. 

alloys  of,  ii.  386. 
oxides  and  chlorides  of,  ii.  886. 
Iron,  ii.  254. 

alloysof,  U.  270. 


Iron,  chlorides  of,  ii.  269. 
oxides  of,  ii.  256. 
salts  of,  ii.  263. 
J. 
Jelly,  u.  426. 

K. 
Kelp,  i.  251. 
Kermes  mineral,  ii.  209. 
King's  yellow,  ij.  186. 
Kinic  acid,  ii.  492. 
Koumiss,  ii.  516,558. 
L. 
Lac,  ii.  401. 
Laccic  acid,  ii.  486. 
Lactic  acid.  Si.  558. 
Ladanum,  il.  401. 
Lakes,  ii.  462. 
Lamp,  safety,  i.  411. 

without  flame,  i.  128. 
Lampblack,  i.  357. 
Latent  heat,  i.  88. 

of  vapors,  table  of,  i.  87. 
Laudanum,  ii.  491. 
Lead,  ii.  288. 

alloys  of,  ii.  251. 

oxides  of,  ii.  240. 

saltsof,  ii.  244. 
Leather,  tanning  of,  ii.  550. 
Legumine,  ii.  bSs, 
Leslie's  differential  thermometer,  i.  56. 

photometer,  i.  84. 
Leucine,  ii.  662. 

Libavius,  fuming  liquor  of,  ii.  285. 
Ligaments,  il.  557. 
Light,  i.  25. 

chemical  effects  of,  i.  81. 

magnetizing  power  of,  i.  84. 

sources  of,  i.  84. 
Lignin,  ii.  450. 
Lime,  i.  261. 

chloride  of,  ii.  65. 

cream  of,  i,  263. 
Lime-water,  i.  262. 
Linseed  oil,  ii.  435. 
Liquefaction,  i.  82. 
Liquids,  expansion  of  by  heat,  i.  45. 
conducting  power  of,  I.  74. 
Litharge,  ii.  241. 
Lithia,  i.  267. 
Lithium,  i.  268. 
Litmus,  ii.  460. 
Logwood,  ii.  461. 
Lunar  caustic,  ii.  383. 
Lupulin,  ii.  511. 
Lutes,  i.  177. 
Lye,  i.  243. 

M. 
Madder,  ii.  460. 
Magistery  of  bismuth,  ii.  227. 
Magnesia,  i.  272. 

hydrate  of,  i.  273. 
Magnesium,  i.  274,  ii.  135. 
Magnetism,  i.  138,  ii.  678. 
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MaUtes,  it  477. 
Malic  acid,  ii.  47ti. 
MaltiD};,  ii.  513. 
Manganese,  ii.  172. 

oxidenof,  ii.  174 
8a)t.M  of,  ii.  176. 
Mangaoesic  acid,  ii.  179. 
Manganeseous  acid,  ii.  180. 
Manna,  ii.  423. 
Maple  sugar,  ii.  422. 
Marble,  i.  886. 
Margaric  add,  ii.  578. 
MasUch,  u.  401. 
Meconic  acid,  ii.  490. 
MedulHn,  ii.  511. 
Mellitic  acid,  U.  484. 
Mercury,  ii.  302. 

alloys  of,  ii.  325. 
how  frozen,  ii.  SOS- 
oxides  of,  ii.  306. 
saltaof,  ii.  311. 
MeUla,  alloys  of,  ii.  127. 

classification  of,  ii.  130. 
compounds  of  with 

bromine,  ii,  122. 
carbon,  ii.  123. 
chlorine,  ii.  119. 
hydrogen,  ii.  123. 
iodine,  U.  121. 
oxygen,  ii.  108. 
phosphorus,  ii.  122. 
salts,  ti.  126. 
selenium,  ii.  126. 
sulphur,  ii.  123. 
distinctive  characters  of,  ii.  100. 
natural  history  of,  ii.  129. 
physical  properties  of,  ii.  102. 
salts  of,  ii.  126. 
speci6c  heat  of,  i.  125. 
table  of  discovery  of,  ii.  101. 
Microcosmic  salt,  i.  482. 
Milk,  ii.  557. 

sugar  of,  ii.  573. 
Mmlum,  ii.  241. 
Molasses,  ii.  421. 
Molybdenum,  ii.  142. 

oxides  of,  ii.  144. 
Molybdic  acid,  ii.  142. 
Mordant,  in  dyeing,  ii.  454. 
Moroxylic  acid,  ii.  484. 
Morphine,  ii.  487. 

salts  of,  ii.  489. 
Mortar,  bow  made,  i.  265. 
Mucus,  ii.  559. 

Multiples,  law  of  combination  in,  1. 162. 
Muriate  of  alumina,  ii.  70. 
ammonia,  it  54. 
antimony,  ii.  211. 
bismuth,  ii.  227. 
chromium,  ii.  152. 
copper,  ii.  285. 
gold,  ii.  354. 
iron,  ii.  262 


Muriate  of  lead,  ii.  245. 

maignesia,  ii.  61. 
manganese,  ii.  177. 
platinum,  ii.  369. 
potassa,  il.  47. 
soda,  ii.  49. 
strontia,  ii.  60. 
tin,  ii.  234. 
zinc,  ii.  217. 
Muriatic  acid  ^as,  iL  1. 

u  liquid  state,  ii.  4. 
ether,  ii.  628. 
Muscle,  U.  561. 
Myncin,  u  438. 
Myrrh,  ii.  407. 
Myrtle  wax,  ii.  488. 
N. 
Naphthaline,  i.  407. 
Narcotine,  ii.  490. 
Nickel,  U.  297. 

oxides  of,  ii.  299 
Nicotin,ii.  509. 
Nitrate  of  alumina,  1. 489. 
ammonia,  i.  474. 
baryta,  i.  485. 
bismuth,  u.  226. 
cobalt,  ii.  198. 
copper,  ii.  283. 
iron,  ii.  262. 
lead,  u.  244. 
lime,  i.  487. 
magnesia,  i.  488. 
magnesia  and  amiuoDia,  i-  489. 
manganese,  ii.  176. 
,  mercury,  Ii.  813. 

potaasa,  i.  464. 
silver,  ii.  832. 
soda,  i.  473. 
strantia,  i.  486. 
tin,  U.  234. 
zinc,  ii.  217. 
Nitre,  i.  464. 
Nitric  acid,  t  446. 

oxide  gas,  i.  452. 
Nitrites,  i.  489. 
Nitrogen,  i.  193. 

oxides  of,  i-  489. 
Nitrous  acid,  1.459. 

oxide,  i.  476. 
Nut  oil,  ii.  435. 
Nutrition  of  plants,  ii.  542. 

O. 
Odorous  principle  of  blood,  ii.  ^• 
Oil  gas,  i.  409. 
of  olives,  ii.  435. 
of  wine,  ii.  526. 
ofvitriol,  i.  307. 
Oils,  animal,  ii.  576. 
essential,  ii.  438. 
fixed,  ii.  432. 
Olefiant  gas,  i.  402. 
Oleic  acid,  ii.  579. 
Olibaaum,  ii.  406. 
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Olive  oil,  ii.  435. 
OliWle,  ii.  507. 
Opium,  ii.  487. 
(^panax,  ii.  406. 
Organic  substances,  ii.  891. 
Orpiment,  ii.  186. 
Osmazome,  ii.  563. 
Osmium,  ii.  887. 

oxides  of,  ii.  888. 
Oxalate  of  ammonia,  ii.  468. 
lead,  ii.  469. 
Ume,  ii.  468. 
magnesia,  ii.  469. 
mercury,  ii.  469. 
soda,  U.  468. 
Oxalic  acid,  ti.  468. 
Oxidation,  i.  189. 
Oxide,  cystic,  ii.  618. 
Oxygen,!.  185. 

absorbed  in  combustion,  i.  189. 
its  extensive  combinations,  1.191 . 
processes  for  procuring,  i.  186. 
Oxy-hydro^n  blowpipe,  i.  224. 
Oxy muriatic  acid.    See  CAZorine. 
Oxymuriates.    See  ChloridtB. 

P. 
Palladium,  ii.  878. 

alloys  of,  U.  881. 
oxides  and  salts  of,  ii.  880. 
Palm  oil,  ii.  486. 
Panary  fermentation,  iL  512. 
Pancreatic  fluid,  ii.  615. 
Paste  gems,  i.  280. 
Pearlash,  1.  876. 
Pearl-wbite,  U.  227. 
Pectic  acid,  ii.  484. 
Perluns'  steam  artillery,  i.  95. 

generator,  i.  94. 
Perchlorate  of  potassa,  ii.  40. 
Perchloric  acid,  ii.  40. 
Perchloride  of  cyanogen,  ii.  602. 
Perspiration,  fluid  of,  ii.  560. 
Pewter,  ii.  252. 
Phenecin,  ii.  457. 
Phlogiston,  i.  126. 
Phosgene  gas,  ii.  28. 
Phosphate  of  ammonia,  i.  483. 

ammonia  and  magnesia^  i. 

439. 
baryta,  i.  487. 
copper,  ii.  289. 
iron,  ii.  268. 
lead,  ii.  249. 
lime,  i.  434. 
magnesia,  1.  488. 
soda,  I.  431. 

soda  and  ammonia,  i.  484. 
Phosphorescence,  i.  29. 
Phosphoric  acid,  i.  422.  and  ii.  486. 

ether,  U.  527. 
Phosphorous  aeids,  i.  425. 
Phosphorus,  i.  418. 

eudlemetry  by,  i.  420. 
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Phoflphoruf,  Baldwin's,  i.  29. 
Bolognian,  i.  29. 
Canton's,  I.  29. 
Phoephoret  of  arsenic,  U.  186. 
ir,tt.280. 
860. 
259. 
lead,  U.  248. 
Ume,  i.  445. 
nickel,  a.  800. 
platinum,  ii.  872. 
silver,  Ii.  881. 
sulphur,  L  444. 
zinc,  ii.  216. 
Phosphuretted  hvdrogen,!.  440. 
Photometer,  L  84. 
Picromel,  ii.  575. 
Picrotoxia,  ii.  505. 
Pinchbeck,  ii.  298. 
Piperin,  ii.  509. 
Pit-coal,  1.856. 
Pitch,  U.  401. 
Plants,  nutriflcm  of,  ii.  542. 

respiration  of,  il«  641. 
Plaster  of  Paris,  i.  826. 
Plating  with  sUver,  ii.  844. 
Platinlferotts  ores,  11, 889. 
Platinum,  ii.  866. 

alloys  of,  11.878. 
chlorides  of,  ii.  870. 
how  made  malleable,  ii.  9V^ 
oxides  of,  ii.  868. 
Plumbago,  i.  855. 
Polarization  of  light,  I.  27. 
Pollenin,U.511. 
Polychroite,  U.  610. 
Poppy-seed  oil,  ii.  485. 
Porcelain,  i.  286. 
Portable  gas-light,  L  411. 

soup,  ii.  560. 
Potassa,  i.  288. 

ferro-prusdate  of,  U.  600. 
hydrate  of,  I.  240. 
Potasrium,  i.  244.  and  ii.  181. 
per-ozide  of,  1.248. 
protoxide  of,  1. 247. 
Potafoe  starch,  H.  411. 
Pressure,  influence  of  on  boOinff  pointy  < 

on  chemical  ai^ 
«on,  I.  MB. 
Primitive  forms  of  crystals,  i.  144. 
Prince's  metal,  U.S08. 
Prince  Roperf  s  drops,  i.  288. 
Printer's  ink,  U.  266. 

types,  ii.  228. 
Proportions,  definite,  i.  160. 
in  volumes,  i.  166. 
multiples  of  eaeli  otber,l.l6l. 
Pmssiau  blue,  U.  267.  609. 
Prusslateef  iron,  H.  267. 
Prussic  acid,  1.  417.  Ii.  892. 
Purpuric  acid,  ii.  687. 
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Putrcfkctioo,  ii.  620. 
Puzzolana,  i.  265. 
PyroUgneout  tcid,  U.  585. 
Pyrometer,  i.  62. 
Pyrophonis,  i.  29  and  384. 
Pyroxylic  spirit,  ii.  451. 

Q. 
Quadro-carburetof  hydrocen,  i.  405. 
Quadroxalate  of  potaasa,  a,  467. 
Quantity,  effect  of  on  chemical  affinity, 

i.  155. 
Quicksilver,  ii.  802 
Quinine,  Ii.  498. 

R. 
RadiaUonofheat,i.  69. 
Rays  of  heat,  i.  37. 
Ught,i.26. 
deoxidizing,  i.  41. 
Realgar,  U.  185. 
Red  ink,  U.  267. 
lead,  u.  241. 
Rennet,  ii.  558. 
Resins,  properties  of,  Ii.  898. 
RespiraUon,  i.  378.  andii.  565. 

ofvegetables,u.541. 
Rhein,  u.  510. 
Rhodium,  U.  382. 

alloys  and  oxides  of,  ii.  888. 
Rosacic  add,  11.588. 

S. 
Saecho-lactic  acid,  ii.  589. 
Safety-lamp,  L  411. 
Safflower,  11.461. 
8affion,U.462. 
Sagapenum,  ii.  407. 
Sago,  U.  411. 
Salaeratus,  i.  876. 
ammoniac,  U.  54. 
prunella,  1. 465. 
Saliva,  U.  560. 
Sak>p,U.4l2. 
Salt,  common,  11. 49. 
of  sorrel,  ii.  467. 
Salt  petre,  i.  464. 
Salts,  general  characters  of,  i.  818. 

nomenclature  of,  i.  318. 
Sandarach,  11.  401. 
Sanguinarine,  ii.  508. 
SarcocoU,  ii.  511. 
Savaky^s  steam  engine,  i.  92. 
Scale  of  equivalents,  i.  165. 
Scammony,  ii.  406. 
Scheele's  green,  U.  289. 
Sealing  wax,  u.  402. 
Sebadc  acid,  ii.  579. 
Sedative  salt    See  Boraeie  Add. 
Seignette,  salt  of,  ii.  478. 
Selenic  add,  i.  517. 
Selenlous  add,  1.516. 
Selenium,  i.  513. 

oxide  of,  i.  515. 
Seleniurets,  metallic,  H.  126. 
Serum  of  blood,  ii.  565. 


I  Shells,  analysis  of,  ii.  556. 
;  Silica,  i.  274. 
I  Silici-fluoric  add,  i.  502. 
I  Silicium,  i.  277. 
Silk,  u.  557. 
Silver,  u.  828. 
i  alloys  of,  ii.  343. 

I  fulminating,  ii.  835. 

oxides  of,  ii.  380. 
salts  of,  n.  332. 
Silvering  of  mirrors,  ii.  327. 
SimUor,  ii.  293. 
Skin,  u.  557. 
Smalt,  ii.  201. 
Soap,  ii.  582. 
Soda,  i.  251. 

properties  of,  i.  251. 
water,  i.  381. 
Sodium,  i.  258.  and  ii.  134. 
deutoxide  of,  i.  255. 
protoxide  of,  i.  255. 
Solanine,  ii.  503. 
Solar  phosphori,  i.  29. 
rays,  i.  42. 

spectrum,  heat  nnd  lieht  of,  i.  39. 
j  Solids,  conducting  power  of  i.  66. 
expansion  oi  by  heat,  i.47. 
SoluHoD,  i.  159. 
Sorrel,  salt  of,  ii.  467. 
Sources  of  heat,  i.  127. 
light,  i.  34. 
Specific  caloric,  1. 119. 
gravity,  i.  177. 
Speculum  metal,  Ii.  295. 
Spelter,  ii.  213. 
Spermaceti,  ii.  577. 
Spirit,  proof,  ii.  517. 
Stained  glass,  i.  281. 
Starch,  ii.  408. 

Steam,  exptosive  power  of,  L  103. 
latent  heat  of,  i.  86. 
engines,  principle  of,  t.  92. 
Stearic  acid,  ii.  578. 
Stearine,  Ii.  577. 
Steel,  ii.  273. 

plates  for  encravers,  ii.  274. 
tempering  ot,  ii.  275. 
Straaburgh  turpentine,  ii.  400. 
Strontia,  i.  270. 
Strontium,  i.  271. 
Strychnine,  ii.  495. 
Succinates,  ii.  480. 
Sucdnic  acid,  ii.  479. 
Sugar,  ii.  416. 

oflead,u.247. 
of  milk,  ii.  578. 
Sulphur  auratum,  ii.  209. 
Sulphate  of  alumina,  i.  334. 
ammonia,  i.  325. 
baryta,  i.  828. 
bismuth,  U.  226. 
chromium,  ii*  1^^* 
cobalt,  ii.  202. 
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iM'hateofcopper,  ii.  281. 
iroD»ii.  259. 
lead,  ii.  244. 
lime,  i.  326. 
magnesia,  i.  831. 
manganese,  ii.  176. 
mercury,  ii.  311. 
niclcel,  u.  300. 
platinum,  ii.  372. 
potassa,  i.  321. 
quinine,  ii.  494. 
silver,  ii.  332, 
soda,  i.  323. 
»  strontia,  i.  330. 

tin,  ii.  233. 
zinc,  ii.  216. 
Sulphite  of  alumina,  i.  338. 
ammonia,  i.  338. 
baryta,  i.  337. 
lime,  i.  337. 
magnesia,  i.  338. 
potassa,  i.  338. 
soda,  i.  338. 
strontia,  i.  338. 
Sulphovinic  acid,  ii.  526. 
Sulphur,  i.  302. 

properties  of,  i.  303. 
sources  of,  i.  302. 
uses  of,  i.  304. 
Sulphurets  of  allsaliefl  and  alkaline  earths, 

i.  351. 
Sulphuret  of  antimony,  ii.  209. 
arsenic,  ii.  185. 
bismuth,  ii.  226. 
bromine,  ii.  95. 
cadmium,  ii.  223. 
carbon,  i.  863. 
cobalt,  ii.  198. 
copper,  ii.  280. 
cyanogen,  ii.  618. 
gold,  ii.  359. 
iodine,  ii.  83. 
iron.  ii.  258. 
lead,  ii.  243. 
manganese,  ii.  181. 
mercury,  ii.  309. 
molybdenum,  ii.  145. 
nickel,  U.  300. 
osmium,  ii.  389. 
palladium,  ii.  380. 
platinum,  Ii.  372. 
potassa,  i.  352. 
silicium,  i.  278. 
silver,  ii.  331. 
tin,  ii.  232. 
zinc,  ii.  216. 
Sulphuretted  hydro-sulphurets,  i.  848. 

baryta,  i.  850. 
lime,  i.  349. 
magnesia,  i.  351. 
potassa,  i.  848. 


Sulphuretted  hydro-  >  _^_  .  m^a 
sulphuretof  5  "^'» '•'**• 

strontia,  i.  850. 
Sulphuretted  hydrogen,  i.  841. 
sulphites,  i.  839. 
Sulphuric  acid,  i.  807. 

anhydrous,  i.  811. 
ether,  ii.  522. 
Sulphurous  acid,  i.  8i3. 
Supporters  of  combustion,  ii.  97. 

T. 
Tacamahac,  ii.  401. 
Tannin,  ii.  446. 
Tanning,  ii.  550. 
Tapioca,  ii.  412. 
Tartar  emetic,  ii.  212. 
Tartaric  acid,  ii.  469. 
Tartrate  of  ammonia,  ii.  473. 
potassa,  ii.  472. 
potassa  and  soda,  ii.  478. 
soda,  U.  478. 
Tears,  ii.  559. 
Teeth,  ii.  556. 

Telluretted  hydrogen,  ii.  168. 
Tellurium,  ii.  159. 

oxide  of,  ii.  162. 
Temperature,  changed  by  chemical  ac- 

Uon,  i.  152. 
Tenacity  of  different  metals,  ii.  105. 
Terra  cotta;  i.  292. 
Thermo-electricity,  ii.  687. 
Thermometers,  i.'  54. 

centigrade,  i.  58. 
DeLule's,!.  58. 
differential,  i.  55. 
Reaumur's,  i.  58. 
self-registering,  1. 61. 
various,  correspondence 
between,  i.  58. 
Thorina,  i.  801. 
Thorium,  i.  801. 
Tin,  ii.  229. 

alloys  of,  ii.  286. 
oxides  of,  u.  231. 
Tincal,  i.  492. 
Titanium,  ii.  155. 

oxides  of,  ii.  158. 
Tombac,  ii.  292. 
Train  oa,ii.  577. 
Troughs,  galvanic,  ii.  644. 
Tungsten,  11. 167. 

oxides  of,  ii.  169. 
Tungstic  acid,  ii.  170. 
Turpeth  mineral,  ii.  812. 
Turmeric,  ii.  461. 
Turpentipe,  ii.  400. 
Tutenag,  ii.  295. 

Ulmin,  U.  507. 
Uranium,  U.  164. 

oxides  of,  U.  166. 
Urea,  U.  568. 
Uric  add,  u.  085. 
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Urinary  oalcnU,  U.  616. 

Urine,  U.  670. 

Water,  oxygnnised,  i.  816. 
Watere,  chdybeate,  U.  264. 

V. 

Watkins'  galvanic  battery,  tt.  644. 
Wax,  ii.  «6. 

Vicnum,  boiling  in,  1.100. 

evaporation  in,  i.  99. 

Wedgwood's  pyrometer,  i.  02. 
Weld,  U.  462. 

Vaporization,  i.  86. 

Vapors,  latent  heat  of,  i.  87. 

White  lead,  U.  846. 

Varnbhes,  ii.  404. 

vitriol,  ii.  216. 

Vegetable  acida,  U.  468. 

Wine,  U.  614. 

allLaUee,  U.  486. 

oUof,626. 

bodies,  claasification  of,  U.  648. 

quantity  of  alcohol  In,  ii.  516. 
Woad,  ii.  466. 

how  analyzed,  U.  882. 

Venice  turpentine,  U.  400. 
Veratrine.U.  600. 

Wolfram,  ii.  168. 

Wollaston's  theory  of  cryatata,!.  160 

Verdigris,  U.  286. 

Woody  fibre,  U.  460. 

Verditer,  U.  284. 

Wootz,ii.274. 

Vermilion,  U.  809.    ,: 

X. 

Vinegar,  ti.  684. 

Xanthic  oxide,  11.619. 

Vinous  fermentation,  U.  618. 

Y. 

VitrioU  blue,  il.  281. 

Yeast,  U.  416. 

green,  ii.  860. 

Yellow,  chrome,  U.  260. 

oil  of,  1.807. 

king's,  ii.  186. 

white,  ii.  216. 

patent,  U.  250. 

Volatile  oils,  U.  488. 

Yttria,i.  299. 

VolU's  eudiometer,  1.  2l». 

Yttrium,  1.801.  and  U.  186. 

pUe,  ii.  640. 

Z. 

W. 

Zafire,ti.  201. 

Water,  i.  207. 

Zantfaopicrite,U.611. 

Zimome,  ii.  416. 

GompresnbiUty  of,  i.  218. 

Zinc,  U.  218. 

allDysof,u.219. 
oxides  of,  it.  215. 

expands  in  freezfaig,  i.  60. 

fotten  by  boiling  ether,  1. 116. 
mortar,  how  made,  1.  266. 

Zirconia,  i.  296. 

Zirconium,  i.  297. 

HfDEX  TO  THE  APPENDIX. 


Analysis,  chemical,  1. 

corrected  by  the  ntomic  theory, 
20. 

of  metallic  ores,  16. 

of  mineral  waters,  21. 
Affinities,  table  of,  44. 
Alum  with  new  bases,  86. 
Blowpipe,  use  of  in  analysis,  6. 
Bromides,  84. 
Bromine,  34  and  89. 
Chromic  acid,  (new)  87. 
Cold  at  Melville  island,  89. 
Copper,  salts  of,  39. 
Equivalents,  cheftiical,  table  of,  46. 
Expansion  of  metals,  table  of,  41. 
Formic  acid,  36. 
Fulminating;  silver,  87. 
Gases,  specific  heat  of,  40. 
High  steam,  elasticity  of»  42. 
Hydriodic  acid  and  ether,  34. 
Hypophosphites,  86. 
Incompatible  salts,  26. 
Inflammable  aAlHnh,hnw  analyzed,  19. 
Iodides,  34. 
Iodine,  84  and  89. 


Iridium,  atomic  weight  o^  87. 

componnda  of,  88. 
Isomorphous  acids,  37. 
Lilhia,  new  process  for  obtaining,  86. 
Magnetism,  produced  by  friction,  88. 
Mel  Ii  tic  acid,  36. 
Mercury,  specific  beatol^  40. 
Metallic  oxides,  reduction  of,  7. 

solutions,  precipitants  o(  48. 
MetAls,  conducting  power  of,  40. 
expansion  of,  table  of,  41. 
Murray's  formula  for  analysis  of  mineral 

waters,  80. 
Osmium,  atomic  weight  of,  87. 

compounds  of,  SB. 
Palladium,  oxides  and  salts  of,  88. 
Phosphorus,  preparation  of,  86. 
Pho^phuretted  hydrogen,  85. 
PialiMum,  atomic  weight  of,  87. 
Potassa,  test  for,  36. 
Rhodium,  oxides  and  aalts  of,  88. 
Salts,  analysiB  of,  15. 
Sesqui-^ixide  of  lead,  87. 
Sulphurets,  86  and  87. 
Ultramarine,  artificial,  86. 
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